441.A16
10/20/2008

Rav, 0

(Use with MCP-B)

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01
Page | of 151

TBL No.: 194 TBL Rev. No.: 1 Project No.:
1. Title: EBR-ll Pre-Demglition Source Term
2. Site Wide Application []  Facility/Project/Area [X]
3. (a) Afiects Safety Basis: [ ] Yes No (b) Affects SNFINNPP/HLW: [] Yes No
4. Summary: '
The purpose of this TBL is to estimate the pre-demolition radionuclide source term associated with MFC-767,
the EBR-|l reactor building.
Based on the analysis documented in this TBL, the total source term assoclated with EBR-1| (MFC-767) is
1.50E+04 Ci. The predominate radionuclides confributing to this activity are mainly contained within the
activated metal forming the reactor and include Ni-83 (~45%), Co-60 (~43%), and Fe-55 (~11%). Of this total
source term, only 1.07E-02 Ci exists in the above grade regions of the facility.
Summary of changes in Revision 1: 1)} Added the source term associated with the depleted uranium
remaining in the facility, 2) Added transuranic activity calculation, and 3) Added discussion of the activity
associated with the blast and biolegical shields.
5. Review (R) and Approval (A) and Acceptance (Ac) Signatures: (See instructions for definitions of terms and
significance of signatures.)
Typed/Printed
R/IA Name/Organization Signature Date
Craig A. Nesshoefer/D&D 72 W 01/20/10
Preparer Radiological Engineering C'ﬁ‘*
¥
Charles Mills/D&D Per E-mail 0172110
Peer Reviewer R Radiological Engineering
Peer Reviewer
{if appiicable) R NA
Bruce Culp/Regulatory Per E-mail 01/21110
Reviewer Compliance
Nuclear Safety {only if Bryan Breffie/ Per E-mail 01/25/10
3(a) is Yes) Ac Nuclear Safety
n
W. R. Spruill/ ,,W , 01/25/10
Project RCM A Radiological Controls
RE Manager M. K. Branter/Radiological Fer E-mail 172510
[] N/A (if not reg'd) A Engineering Manager
6. Distribution:
{Name and Mail Stop)
7. Does document contain sensitive unclassified information? [ Yes [X No
If Yes, what category:
8.  Will document be externally distributed? Yes- [ 1 No
9. NRC related? ] Yes No




441.A16 RADCON TECHNICAL BASIS TBL-194

10/20/2008 Rev. 01
Rev 0 TECHNICAL BASELINE (TBL) Page 2 of 151

(Use with MCP-6)

EBR-Il PRE-DEMOLITION SOURCE TERM

1.0 PURPOSE

The purpose of this TBL is to document the radiological source terms associated with the
Experimental Breeder Reactor-II (EBR-II) facility, MFC-767, prior to commencement of D&D
activities

2.0 BACKGROUND

Figure 1. EBR-II

EBR-II was built in the late 1950’s and achieved initial “dry” (i.e., without sodium) criticality
on September 30, 1961, and “wet” criticality (i.e., with the core submerged in liquid sodium
coolant) on November 11, 1963. EBR-II went to power (12 MW,) on August 13, 1964. The
EBR-II was designed to demonstrate the feasibility of operating a sodium-cooled fast breeder
reactor plant with onsite reprocessing of metallic fuel; demonstrations were successfully carried
out from 1964 to 1969.

From 1969, the emphasis at EBR-II shifted to a fast-neutron irradiation facility that tested
fuels and materials in support of the Liquid-Metal Fast Breeder Reactor (LMFBR) Program. The
EBR-II facility also provided electrical power for ANL-W and INL sites. EBR-II was officially
shut down on September 30, 1994. Since then, EBR-II has been prepared for D&D. During its
lifetime (August 1, 1964 until September 30, 1994), EBR-II generated 366,780 MWD (megawatt
days) of thermal energy.
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3.0 DESCRIPTION

The EBR-II reactor is an unmoderated, heterogeneous, sodium cooled, fast breeder reactor with a
designed capability of 62.6 MW of heat output. It is completely submerged in a large pot filled with
sodium which served as a heat transfer medium to remove thermal energy from the reactor. Figure 2
presents a cross section of the EBR-II reactor showing the major components. Detailed descriptions of
the EBR-II components and systems are provided in EBR-II System Design Descriptions (Reference 1),
Experimental Breeder Reactor — I, An Integrated Experimental Fast Reactor Nuclear Power Station,
(Reference 2), and Extending the Operating Lifetime of EBR-II to 30 Years and Beyond, (Reference 3).

Brief descriptions of some of the systems/components pertinent to the radiological characterization, taken
from these documents, are presented below.
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Figure 2. EBR-II Reactor
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3.1 REACTOR CORE AND BLANKET

During operation, the EBR-II reactor contained a hexagonal central core containing enriched uranium
which was completely surrounded by a radial and an axial blanket. The blankets originally contained
depleted uranium and were intended to function both as a neutron reflector and as fertile material for the
breeding of plutonium. Later, the depleted uranium in the axial blanket was replaced with stainless steel
to decrease the cost of the subassemblies. Early in EBR-II operation an attempt was made to replace a
portion of the radial depleted uranium with stainless steel, also for economic reasons. This substitution
caused undesirable changes in some aspects of the physics of the reactor. As a result, the stainless steel
was removed. Later (~1972), the stainless steel reflector pieces were redesigned and reinserted in rows 6
through 10. In 1994 when the reactor was shut down the radial blanket regions contained stainless steel
reflector pieces, depleted uranium, or stainless steel and nickel blanket pieces. The core and blanket
region materials were contained in 637 free-standing subassemblies which were contained in and
supported by the reactor vessel. Figure 3 presents a photograph of the core/blanket area of EBR-II,

Figure 4 is a cross section of the EBR-II reactor, and the grid location designations are presented in
Figure 5.

i T

Figure 3. Photograph of EBR-II Core/Blanket Area
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0 |

Figure 5. Grid Location Identification

Of the 637 subassemblies, 47 to 59 were core (fuel) subassemblies, 2 were safety rods, 12 were
control rods (this number was reduced to 8 during EBR-II operating lifetime with the remaining 4
locations being used as irradiation facilities), 54 to 66 were Inner Blanket subassemblies or Inner Blanket
stainless steel reflector pieces, and 510 were Outer Blanket subassemblies or stainless steel reflector
pieces. The subassemblies/reflector pieces were all outwardly identical: each had an upper adapter to
allow removal by the same handling device; each had a hexagonal support body that contained fuel,
blanket material, or reflector material, and each had a lower adapter. The lower adapters had different
configurations to prevent positioning in the wrong region and different cooling orifices to ensure the
appropriate amount of sodium flow. The subassemblies designed for rows 1 — 5 had a “core” lower
adapters, those for rows 6 and 7 had inner blanket (or inner blanket reflector) adapters, those in rows 8 —
16 had outer blanket adapters.

Since the subassemblies in the core and blanket regions were free standing (no upper grid to support
the upper ends of the subassemblies) a method was required to support the subassemblies during initial
loading and during final unloading. Prior to initial loading, the reactor was loaded with 637 non-nuclear,
stainless steel dummy subassemblies. One of these dummy subassemblies (in grid position row 14,
section E, position 10, or 14E10) was permanently welded in place in the reactor to establish and maintain
the correct orientation of all the subassemblies, Initial reactor loading was accomplished by removing
one dummy subassembly and replacing it with the appropriate subassembly. This one for one
replacement was continued until all subassemblies were installed. Following final reactor shutdown in
1994, the reactor was defueled on this same one for one replacement basis.

The active core area, including fuel, safety rods, and control rods, had an equivalent radius of 9.92 in.
and a height of 14.22 in. This core volume could be increased (and frequently was over the operating
lifetime of the plant) with the addition of special fuel subassemblies in the inner blanket (the addition of 6
of these special subassemblies was considered the nominal reactor fuel loading).
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Neutron absorbers (poisons) were not used in the control or safety rods of EBR-II during the initial
phase of operation of the reactor because of nuclear performance uncertainties and also because of the
desire to demonstrate high neutron efficiency (maximizing the breeding ratio was an objective of EBR-
II). The movement of fuel was used for reactor control in EBR-II. The control rods and safety rods
consisted of modified movable fuel subassemblies. When the EBR-II was converted to an irradiation
facility, the control rod design was changed to an absorber follower control rod. While this type of
control rod still contained fuel, the upper part of the rod (the section of the rod that is in the reactor core
area when the rods are lowered) contained a boron carbide poison. This redesign allowed for reactor
control using only eight control rods.

It was recognized during the design phase of EBR-II that a guide would be required for any movable
component in the core/blanket regions. Thimbles, placed in the core area, were used to guide the fueled
control rods throughout their 14 in. travel. These hexagonal tube thimbles (with similar external cross
sectional dimensions as other subassemblies) were located by and supported in the same manner as other
subassemblies. The control rods within the thimbles were positioned vertically in the core by control rod
drive shafts which were driven by independently controlled electromechanical drives mounted outside of
the primary tank. The safety rods, also within thimbles, were positioned in the core by the safety rod
drive beam located below the reactor (see Figures 2).

In addition to outer blanket and reflector subassemblies in the outer blanket region, a neutron source
subassembly was placed here in grid position row 8, section E, position 5 (8E5). The neutron source was
used to initiate neutron production during the start-up phase of the reactor and to provide a reliable
neutron flux level for comparison as operation was initiated. The neutron source subassembly consisted
of a neutron source thimble (bottom section) containing a beryllium annulus, and a source rod (top
portion) containing an antimony cylinder. This neutron source produced neutrons by means of the (yn)
reaction in beryllium. In this reaction, the pre-irradiated antimony gave off gamma rays and the
surrounding beryllium atoms absorbed this gamma energy then emitted fast neutrons.
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3.2 TEST FACILITIES

As stated previously, initial operation of the EBR-II reactor was performed using twelve control rods.
When the mission of the facility changed to an irradiation facility, the control rods were redesigned to
allow operation with eight and the remaining four control rod locations were converted to test irradiation
facilities. The designation, control rod position, and grid position of these facilities were as follows:

Test Facility Control Rod Grid
Identification Position Position
INSAT 2 2 5D3
INCOT 6 6 5F3
INCOT 8 8 5A3
INSAT 11 11 5C1

These facilities provided a means of continuously monitoring pertinent parameters of experimental
fuels and related materials during irradiation in the core and permitted the insertion and monitoring of
instrument sensors in the core.

The Fuel-Performance Test Facility (FPTF) was installed in the INCOT 6 facility in the mid 1980’s.
The FPTF was used to control the flow, and consequently the temperature, of sodium through an
experimental irradiation subassembly. This capability provided the means to cycle the temperature,
simulating power transients in the experiment, without disturbing flow through other subassemblies.
Included in the FPTF were sensors used to detect effluent sodium flow, effluent sodium temperature,
delayed neutrons in the sodium, and sodium boiling.

Each test facility consisted of a “permanent” portion and a “replaceable” portion. The “permanent”
portion of the test facility was the drive system and was mounted on the small rotating plug, outside of the
primary tank (see section 3.8). The drive system positioned the experiment in the core and raised the
experiment out of the reactor (by as much as 8 ft) as needed to permit plug rotation during fuel handling
activities.

The “replaceable” portion of the facility extends mostly below the rotating plug and into the primary
tank and the reactor core. The “replaceable” portion consisted of the experiment (which may have
included an instrumented subassembly or a thimble with various instruments) and an extension tube that
attached the experiment to the drive system. An instrumented subassembly was outwardly identical to the
standard control rod that it replaced. A typical test facility is shown in figure 6.

In the INCOT facility, the “replaceable” portion was a thimble assembly used to support the
experiment (instrument sensors) in the reactor. The INCOT facility required a handling container to
enable operating personnel to: 1) insert radioactive sensors into the thimble assembly; 2) reposition or
move sensors that are already inside the thimble assembly; 3) remove sensors from the thimble assembly
for recalibration, inspection, or disposal; 4) remove the radioactive thimble assembly from the reactor for
subsequent inspection or disposal (Reference 23). The handling container (INCOT cask) contained an
internal lifting device used to pull the sensor from the thimble or the thimble itself into the central part of
the handling container. The most radioactive part of the sensor or thimble was retained in the shielded
lower portion of the handling container. The shielding in this portion of the cask was formed from
depleted uranium. Once the sensor or thimble was positioned in the handling container, the building
crane was used to transfer the container to a shielded location within the facility (the deep pit, a 35 ft deep
by 8 ft square storage pit equipped with shielded viewing windows and a manipulator) where work could
then be performed or the sensor or thimble stored prior to disposal.
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For fueled experiment subassemblies, following irradiation of the experiment, the experiment
subassembly was disconnected from the extension tube and transferred out of the primary tank using the

normal fuel-handling procedures and equipment. The extension tube was removed from the primary tank
and stored in the deep pit.
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3.3 REACTOR VESSEL & RADIAL NEUTRON SHIELD

The reactor vessel was constructed of an outer shell, an inner shell, and thermal baffles, all of 304 SS
and extended from the grid plenum assembly on the bottom to the reactor vessel cover on the top (see
figures 2 & 6). Radial dimensions of these components are shown in Figure 7.

The radial neutron shield reduced neutron leakage from the reactor to minimize the activation of the
secondary sodium and components exterior to the reactor. It also served as a neutron reflector conserving
a relatively small number of neutrons that would have otherwise leaked from the reactor. The entire
radial shield consists of an inner shield, located between the inner and outer shells of the reactor vessel,
and an outer shield located outside of the vessel.

The inner shield has two layers, or rows, that go around the vessel circumference and extended
upward from the grid plenum assembly to just below the reactor outlet. These layers are formed mostly
from plain graphite contained within 0.109 in. thick 304 stainless steel cans. Cans in the vicinity of
nuclear instrumentation were filled with static sodium to reduce moderation and loss of neutrons between
the reactor and the instrument. Cans are 4.34 in. square, most are 52.5 in. long, and there are a total of
108 cans forming the inner shield. The cans were positioned vertically with the cans in one row
overlapping those in the other row to minimize neutron streaming. Spacer bars were installed between
the inner shell and first shielding row, between the inner and outer shielding rows, between the outer
shield row and thermal baffle, and between the thermal baffle and outer shell to allow sufficient sodium
coolant flow to cool these components. Figure § presents the orientation of the inner neutron shield.
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Figure 8. EBR-II Vessel and Inner Neutron Shield

The outer radial shield consists of five layers which form an annular assembly 13.167 ft high, 1.95 ft
thick, and with an OD of 11.8 ft. The outer shield is divided into three vertical tiers, each ~53 in. high.
The cans in each tier are held in place by a cage-like stainless steel wire mesh. The inner row of the outer
shield is separated from the reactor vessel by a stainless steel plate called the neutron shield liner. The
graphite filled cans forming the outer shield are similar to those in the inner shield with the following
exceptions:

o The graphite in rows 2 and 4 of the outer shield (rows 4 and 6 of the neutron shield) contain
3% by weight boron carbide (Reference 3);

¢ In addition to containing 948 full cans (4.34 in. square cross section), the outer shield
contains 49 half cans (2.28 in x 4.34 in. cross section) and 12 special cans (cans of differing
shapes designed to provide clearance for other installed components).

Figure 9 presents a layout of the outer radial neutron shield.
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3.4 GRID PLENUM ASSEMBLY

The grid plenum assembly forms the lower section of the EBR-II reactor (see Figure 2) and is a
welded Type 304 stainless steel assembly that supports and positions the core, blanket, and control
subassemblies, carries much of the weight of the rest of the reactor, and forms the inlet plenums for the
high pressure and low pressure coolant. Both plenums incorporate baffle plates, used to promote uniform
flow distribution, and impact baffles, used to deflect the incoming flow in a circumferential direction. An
outer shell connects and supports the grid plates and associated loads and contains the coolant inlet
nozzles. Figure 10 shows the components forming the grid plenum assembly.

As shown in Figure 10, a pair of grid plates forms the upper and lower boundaries of the high
pressure plenum. High pressure coolant entered this plenum, flowed through holes in the sides of the
lower adapters of core and inner blanket subassemblies then up through these components to cool them.

The lower grid plate and bottom cover plate form the top and bottom of the low pressure plenum.
Low pressure coolant entered this plenum, flowed through the interconnecting tubes between the upper
and lower grid plates and then into the outer blanket subassemblies to cool these components.
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Figure 10. EBR-II Grid Plenum Assembly
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3.5 REACTOR VESSEL COVER

The reactor vessel cover is located on the top of the EBR-II reactor (see Figure 2). The cover
consists of an inner and outer section. The outer section is a semi-hollow, doughnut-shaped 304
stainless steel structure 34.5 in. high and 92.5 in. in diameter. The inner section is 26 in. in
diameter and is connected to the outer section by a stainless steel bellows at the bottom and is
welded at the top. The inner section contains 12 Stellite-6 guide tubes that accommodated the 12
control rod drive shafts and steel ball shielding materials. The outer section contains 3 Stellite-6
guide tubes that accommodated equipment associated with fuel handling and canned borated
graphite similar to that used in rows 2 and 4 of the outer radial neutron shield. These axial
neutron shield cans are stacked in six layers and each layer is positioned at a right angle to the
layer below in a polygon array and are staggered to minimize neutron streaming. Figure 12
presents the orientation of the neutron shield cans within the vessel cover.

Attached to the bottom of the reactor vessel cover are a thermal shield (a stainless steel plate),
a radial flow baffle and core/inner blanket subassembly holddown fingers. Figure 11 shows the
various components forming the vessel cover.

During reactor operation, the cover was locked in place by the cover locking mechanisms
(see Figure 2) to form the top of the coolant outlet plenum. During refueling activities, the cover
could be raised 106.5 in. to clear the length of the subassemblies.
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3.6 REACTOR NUCLEAR INSTRUMENTATION

The nuclear instrumentation systems monitor the reactor power by measuring the intensity of
the neutron flux during all modes of reactor operation including shutdown maintenance, fuel
handling, reactor startup, approach to power and full power operation. The nuclear
instrumentation system includes a wide-range system consisting of three identical, redundant, and
independent channels each of which covers the 10 decades of neutron flux range of EBR-II. The
detectors for these three wide range systems are guarded fission chambers containing uranium

and are positioned in the J-1, J-3, and J-4 thimbles (see Figure 9) at the approximate midplane of
the reactor core.
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3.7 PRIMARY COOLANT SYSTEM

The main function of the primary coolant system was to remove the heat produced in the
reactor core and transport it to the intermediate heat exchanger (IHX) where this thermal energy
was transferred to the secondary coolant system. To perform this function, liquid sodium was
pumped from the primary tank by two centrifugal pumps, through the high pressure and low
pressure (throttled) piping to the reactor, and then to the shell side of the shell-and-tube IHX. The
entire primary coolant system, and the reactor itself, were contained within the primary tank were
completely submerged in the liquid sodium primary coolant. Major primary system components
and the primary coolant flow paths are shown in Figure 13. A brief description of these major
primary system components is provided below.

Primary Pumps

The EBR-II primary coolant pumps are a matched pair of vertically mounted centrifugal
pumps. Pump motors are mounted on a penetration nozzle in the primary tank cover, and the
pump structures are inside the primary tank. These pumps took their suction directly from the
bulk sodium in the primary tank and discharged to a 12 in. pipe nozzle that was integral with the
pump assembly.

Primary Auxiliary Pump

The purpose of the primary auxiliary pump was to maintain required coolant flow to remove
decay heat from the reactor core following a reactor scram from high power and the simultaneous
failure of both the primary pumps. The primary auxiliary pump was a conduction-type DC
electromagnetic unit (no moving parts) that operated continuously during reactor operation.
When the two primary pumps were operating, the auxiliary pump had no appreciable effect on the
primary coolant flow because the auxiliary pump head was only ~0.5% of the main pump head.

Intermediate Heat Exchanger

Heat from the radioactive primary sodium was transferred to the nonradioactive secondary
system by the IHX. The IHX is a shell and tube, counter-flow unit which operated completely
submerged in the reactor sodium coolant. The IHX is ~5 ft diameter, 24 ft long and has a total
heat transfer surface area of ~4800 sq ft. The IHX was suspended from above by a shield plug
and was positioned within a 6 ft diameter x 18.5 ft long well casing which was an integral
extension of its primary tank nozzle. Activation of secondary sodium coolant was minimized by
the installation of neutron shielding materials. This neutron shielding consisted of a 1 in. thick
layer of 1.5 wt % boron stainless steel that covered the lower 48 in. of the well casing and a Y4 in.
thick layer of boral (boron/aluminum alloy) contained within the lower head of the IHX.
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Figure 13. EBR-II Primary System Components and Coolant Flow path

Primary Sodium Piping

The primary sodium system piping can be divided into three major sections: 1) the high
pressure supply to the reactor, 2) the low pressure supply to the reactor outer blanket, and 3) the
reactor outlet piping. Since this piping had to operate completely submerged in 700° F sodium,

all material in the piping system is 304 stainless steel.

The high pressure supply piping, which supplied sodium coolant to the reactor core and inner
blanket regions, connected the discharge from each of the two primary pumps to the high pressure
inlet nozzles of the grid plenum assembly. This high pressure piping was constructed of 12 in.
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Schedule 40 pipe, except for ~2.5 ft of 10 in. Schedule 40 pipe which connected to the plenum
inlet nozzle.

The low pressure supply piping provided lower pressure sodium coolant for cooling
subassemblies in the outer blanket region. The low pressure coolant piping diverted coolant from
the discharge of the main coolant pumps and directed this coolant flow to a throttle valve which
was positioned to provide both the appropriate pressure drop and the necessary flow to the outer
blanket. Piping for this system was a combination of 6 in. and 4 in. Schedule 40 pipe.

The reactor outlet piping directed the high temperature sodium from the reactor outlet to the
IHX. The reactor outlet piping was formed of 14 in. Schedule 20 pipe and was contained within a
sleeve constructed of 18 in. Schedule 10 pipe. The two pipes were held concentric by spring-
loaded spacers placed at the most probable stress points. Since the coolant temperature at the
reactor outlet was ~883 “F and the bulk coolant in the primary tank was ~700 °F, the outer pipe
sleeve provided a thermal barrier to minimize both heat loss and stress in the outlet piping. The
void between the inner and outer piping was filled with static sodium. The “Z” shape of the
outlet piping (see Figure 13) was used because it required a minimum amount of space and had
sufficient flexibility to relieve thermal stresses in the pipes.

Primary Tank Assembly

The primary tank is a double-walled, 304 stainless steel, cylindrical tank about 27 ft in
diameter by 27 ft high containing the nuclear reactor, the entire primary cooling system, and
portions of the fuel handling system. The inner tank is formed from %% in. thick material and the
outer tank from 3/8 in. material. To minimize heat loss from the reactor, the outer tank was
insulated on the outside with steel wool insulation. All penetrations into the tank were through
the primary tank cover, above the bulk sodium level. The primary tank and the support structure
are presented in Figure 14.

The primary tank and support structure are completely independent of each other except at
the top. The primary tank is supported by six hangers which are welded to each of the radial
beams in the tank cover and bear on six high-strength steel rollers supported by the top support
structure. This method of suspending the primary tank allows the tank to expand downward and
the tank cover to expand radially as temperatures increase.

A temperature difference of ~600 °F existed across the top structure of the primary tank
system during reactor operation. To maintain accurate positioning of equipment penetrations into
the primary tank, the upper structure was divided into two sections. The lower section of the
structure, the primary tank cover, was maintained at a high temperature and provided support and
alignment for components, such as the IHX, primary pumps, and instrument thimbles, which
projected into the primary tank. For gamma radiation shielding, the primary tank cover was filled
to a depth of ~26 in. with 3/8 in. diameter carbon steel balls. The upper section, the top support
structure, was maintained at a low temperature and provided support for the primary tank,
biological shield, and both rotating plugs (plugs that could rotate, one within the other with offset
centers of rotation, as necessary to insure the correct alignment between the fuel handling
equipment and the different subassemblies).
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3.8 SHUTDOWN COOLING SYSTEM

Decay heat generated in the reactor during shutdown was normally removed from the primary
system by the secondary sodium system in the IHX. However if the secondary system was not
operational or if the reactor cover was raised (during refueling for example) decay heat was
transferred to the bulk sodium in the primary tank. An undesirable temperature rise could occur
if this decay heat was transferred the bulk sodium over an extended period of time. The
shutdown cooling system prevented this undesirable temperature rise by transferring the excess
heat to the air outside the reactor building.

Two identical cooling loops comprised the shutdown cooling system and each loop consisted
of a shutdown cooler plug (a heat exchanger plug located in the primary tank), a shutdown cooler
box assembly (an assembly located on the outside of the reactor building which contained the
sodium to air heat exchanger), and associated piping and equipment. This system is shown in
Figure 14. The system provided heat transfer through natural convection (flow was independent
of any power source) of the sodium-potassium (NaK) eutectic alloy. In each closed loop, flow
occurred between the heat exchanger plug in the primary tank to the heat exchanger core in the
box assembly.
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Figure 14. EBR-II Shutdown Cooling System
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3.9 PRIMARY SODIUM PURIFICATION SYSTEM

The primary sodium purification system continuously purified the primary sodium and
consisted of a sodium surge tank (used for filling the system for start up, provided a place for
accumulating entrained gases, and, since most purification system components were position in
the facility below the bulk sodium level of the primary tank, provided a siphon break to prevent
the draining of primary sodium in the event of a break in the purification system ), a DC-EM
pump (circulated the sodium through the system), an economizer (conserved heat that would have
been otherwise lost in the process of cooling the sodium to near cold trapping temperature), a
cesium trap (removed Cs-137 from the primary sodium), and a cold trap (a crystallizer tank that
removed oxides and hydrides of sodium and other impurities by precipitation).

3.10 PRIMARY INERT GAS SYSTEM & CGCS

The primary inert gas system maintained a continuous argon gas blanket on all sodium
surfaces within the primary tank (i.e. the void between the bulk sodium level and the primary tank
cover). This inert gas, or cover gas, protects the sodium from reaction with air (and its included
moisture).

Related to the primary inert gas system is the cover gas cleanup system (CGCS). The CGCS
removed radioactive fission gas from the primary inert gas system by a cryogenic distillation
process. Cover gas (containing greater than 1000 ppm sodium) entering this system was first
heated in a pre-heater to over 900 °F to insure that all sodium was vaporized. The gas was then
cooled to about 350 °F while passing through the controlled temperature profile (CTP) condenser
(an annular tank filled with Rashig rings). The sodium vapor diffused to, and condensed on, the
sodium-wetted surfaces of the Rashig rings. The condensed sodium was then drained back to the
primary tank. The non-condensed aerosol and gas mixture, now containing less than 1 ppm
sodium, then passed through sintered-metal aerosol filters where final aerosol removal occurred.
The gas then flowed through piping outside of MFC-767 to the remainder of the CGCS system.

The major component of the CGCS system, not located in MFC-767, responsible for removal
of the fission gas was the cryogenic distillation column. In the cryogenic distillation column, the
now relatively sodium-free cover gas was first bubbled through liquid argon where some of the
radioisotopes were removed, then the gas was passed through a packed bed where counter-
flowing liquid argon stripped the remainder of the fission gases from the cover gas.

Following fission gas removal, the cover gas was returned to MCF-767 where it passed
through a re-heater prior to being return to the primary tank.

The CGCS components located in MFC-767 including the pre-heater, CTP condenser, re-
heater, valves, and instrumentation are surrounded by a shielded enclosure on the operating floor
level of the facility.

3.11 PRIMARY TANK HEATING SYSTEM

The primary tank heating system was used to heat the primary sodium to maintain a
minimum temperature of 250 “F when the reactor was not operating at a sufficient power level to
make up the total heat losses of the primary system. The heating system consisted of six identical
in-tank heaters. Each heater assembly contained four removable cartridge-type heating elements
encapsulated in a sodium-filled cylinder isolated from the primary tank.
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3.12 FUEL UNLOADING MACHINE

EBR-II fuel-handling operations encompassed the transport of core subassemblies, inner and
outer blanket subassemblies, control rods and thimbles, and safety rod and thimbles between the
reactor and Fuel Cycle Facility. The fuel unloading machine (FUM) acted as a link between the
transfer arm, which was operated submerged in sodium inside the primary tank, and the
interbuilding coffin (IBC), which was used for the movement of these high dose rate components
into or out of the reactor building. The FUM consisted of a 14 ft high shielding cask which rested
on a self propelled carriage (see Figure 15). The carriage moved on rails between the primary
tank transfer port and the IBC, a distance of ~ 16 ft. In addition to providing shielding for the
irradiated subassemblies and other components removed from the primary tank, the shielding
cask supported the subassembly gripper and its drive assembly.

To remove a subassembly from the primary tank, the FUM was positioned over the primary
tank transfer port. The gripper was lowered through the vertical storage tube of the shielding
cask, through the primary tank transfer port and down through the primary sodium to the
subassembly held by the transfer arm. The jaws of the gripper, formed from depleted uranium,
grabbed the subassembly the gripper then pulled the subassembly out of the primary tank and into
the shielding cask. The FUM was then repositioned to allow the subassembly to be lowered into
the IBC.

Figure 15 Fuel Unloading Machine
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3.13 BLAST & BIOLOGICAL SHIELDS

There are two major shielding regions in the EBR-II reactor, the neutron shield and the
biological shield. The neutron shield (previously discussed in Section 3.3) served to reduce
neutron leakage from the reactor to minimize the activation of primary system components and
the secondary sodium in the IHX. The biological shield, located around the primary tank, kept
the radiation levels within acceptable limits at the humanly accessible locations around the
reactor. The primary function of the biological shield was to attenuate the gamma radiation from

the bulk sodium and from neutron captures in the neutron shield and reactor vessel (Reference
11).

The inner layers of the biological shield was referred to as the blast shield and was formed of
layers consisting of steel, vermiculite concrete, aerated concrete, and celotex. The blast shield
was designed to contain the energy release equivalent to 300 1b of TNT. The remainder of the
biological shield was formed from ~ 6 ft thick ordinary concrete (see Figure 16).

Cooling of these shields was necessary to help the concrete forming these structures in
maintaining its water content. Loss of water would have resulted in the loss of effective shielding
and physical deterioration of the concrete. About 5,000 cfm of air entered the shield cooling
system from the reactor building through manual dampers. These manual dampers controlled
flow from the following locations:

e Six dampers controlled flow through the small rotation plug in the primary tank cover.
e Six dampers controlled flow through the large rotating plug in the primary tank cover.
e Six inlet dampers near the periphery of the primary tank above the biological shield.

e A single large damper in the depressed area of the facility.

e A single damper at the mezzanine level access to the irradiated material storage area (deep
pit).

During reactor operation, this 5,000 cfm airflow was combined with ~15,000 cfm of cooled
recirculating airflow and flowed to the bottom of the primary tank and then back up again through
the annulus between the outer primary tank and the blast shield. An air baffle positioned in this
annulus separated the downward and upward flowing air. Once the air completed it travel
through the annulus, this air was either cooled and recirculated (~15,000 cfm) or exhausted
(~5,000 cfm) through the building suspect (contaminated) exhaust system.
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The reactor building shell is a steel enclosure that completely envelopes the reactor building

volume. It is cylindrical and has a hemispherical top closure and a semi-ellipsoidal bottom

closure. The shell ID is 80 ft and the total height is about 146 ft (of which ~48 ft is below grade).
Figure 17 presents the shell and the EBR-II areas contained within.

The building shell material is 1 in. thick ASTM 201, grade B, carbon steel. A reinforced

concrete missile shield, 12 in. thick lines the inside of the building shell between the operating
floor and the building crane. Above this elevation, the shell and its hemispherical top are lined
with a 6 in. reinforced concrete layer.
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4.0 EBR-Il PLANT CLOSURE

(From Reference 4)

In 1994 the U.S. Congress ordered the shutdown of EBR-II amid concerns about plutonium
production. In that year, Argonne National Laboratory established the EBR-II Plant Closure
Project with the following goals:

e De-fuel the reactor;
e Remove and treat the bulk sodium coolant
e Place EBR-II into a dormant radiologically and industrially safe condition;

e Remove/alter reactor systems to prevent reactor restart.

The project was divided into three phases. Phase I involved the defueling of the reactor and
was performed from October 1994 to December 1996. During the defueling, all core, neutron
source, inner blanket, reflector, outer blanket, control and experiment subassemblies were
removed and were replaced with un-irradiated stainless steel dummy assemblies (Reference 5).
The only irradiated components remaining in the core/blanket regions following this activity were
12 control rod thimbles, 8 control rod drive rods, and the welded in stainless steel dummy
subassembly located in grid position 14E10 (Reference 5).

Phase II involved the removal of the bulk sodium from the primary and secondary systems
and was completed in March 2001. The primary tank was not originally designed to be drained
thus a draining system was designed using a annular induction pump to pump the sodium from
the tank. As part for the primary draining process ~284 gallons of NaK from the emergency
shutdown coolers and ~120 gallons of NaK from the primary purification system were drained
into the primary tank to be removed with the primary sodium (Reference 6). The estimated
quantities of residual sodium remaining in MFC-767 are presented in Table 1 (from Reference 6).

Table 1. MFC-767 Residual Sodium

System Estimated Quantity
Of Sodium/NaK* (gal)
Primary Tank <300
Primary Tank Ancillary Equipment <100
IHX <40
Pressure Transmitters <0.3*
Shutdown Cooler Plugs <50%*

Phase III involved the treatment of the primary and secondary residual sodium volumes with
CO, and water vapor in a process called carbonation. The carbonation was stopped in March of
2002 then restarted from May 2004 through December 2005. Carbonation treatment was
terminated in December 2005 due to diminishing reaction rates.

Additional work activities performed by the EBR-II Plant Closure Project which reduced the
pre-demolition source term of the facility include the removal of the primary cold traps
(Reference 7) and the removal of the cesium trap (Reference 8).
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5.0 SOURCE METHODOLOGY & ASSUMPTIONS

Items making a significant contribution to the MFC-767 facility radiological source term
include the following systems/components:

e Activated items remaining in the core/blanket region of the reactor including the
control rod thimbles (12), the welded-in 14E10 dummy assembly, and the remaining
control rod drive rods (8);

e The activated components within the primary tank but outside of the core/blanket;

e The activation activity associated with the test facility extension tubes stored within
the pentagon area and deep pit;

e The detectors of the wide range nuclear instruments and the delayed neutron
detectors associated with the Fuel-Performance Test Facility;

e Residual primary sodium within the primary tank;

e Residual primary sodium within the primary ancillary systems;

e Secondary sodium remaining in the [HX;

e Residual surface contamination on components with the primary tank;
e Surface contamination in the shielded pentagon area.

e Depleted uranium associated with the FUM Gripper (currently located in the FUM)
and the INCOT cask (currently located in the deep pit).

While areas containing surface contamination are posted throughout the facility, the level of
contamination and the actual contaminated area are both very small (Reference 9) and thus do not
significantly contribute to the facility source term.

5.1 CORE/BLANKET ACTIVATION SOURCE TERM

Throughout the life of EBR-II, control rod drive shafts, control rod thimbles, and stainless
steel reflector pieces were periodically replaced and the removed component disposed of at the
Subsurface Disposal Area (SDA) at the Radiological Waste Management Complex (RWMC).
INEEL/EXT-02-01385 (Reference 10), Estimated Radiological Inventory Sent from Argonne
National Laboratory-West to the Subsurface Disposal Area from 1952 through 1993, was written
to estimate the source term associated with this and other waste (mainly stainless steel
subassembly hardware activated in EBR-II). Appendix C of INEEL/EXT-02-01385 includes an
activation analysis of long lived radionuclides in control rod drive shafts, control rod thimbles,
reflector pieces, and other activated stainless steel items removed from EBR-II based on neutron
flux data and ORIGEN modeling of the materials. The results of these calculations for an outer
blanket stainless steel piece, a control rod thimble and a control rod drive shaft are presented in
Table 2. Also presented in Table 2 is the activity of these items decayed from 1993 to 2009 (16
years).
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Table 2. EBR-II Core Component Activity
Outer Blanket Control Rod Control Rod
Description = Steel Thimble Drive
Serial No. = U-9810 CRTH-60 XC-1A
Mass (9) = 3.34E+04 6.40E+03 1.89E+04
Initial Activity Decayed Initial Decayed Initial Decayed
Radionuclide (Ci) Activity (Ci) | Activity (Ci) | Activity (Ci) Activity (Ci) | Activity (Ci)
C-14 5.19E-02 5.18E-02 5.02E-03 5.01E-03 9.45E-03 9.43E-03
CI-36 5.46E-06 5.46E-06 3.58E-06 3.58E-06 4.85E-06 4.85E-06
Co-60 2.60E+03 3.17E+02 2.18E+02 2.66E+01 6.13E+02 7.47E+01
Ni-59 2.73E-01 2.73E-01 2.03E-02 2.03E-02 4.75E-02 4.75E-02
Ni-63 2.01E+01 1.80E+01 1.46E+00 1.31E+00 3.52E+00 3.15E+00
Nb-94 9.14E-03 9.14E-03 5.96E-04 5.96E-04 1.53E-03 1.53E-03
Tc-99 2.22E-02 2.22E-02 1.52E-03 1.52E-03 3.96E-03 3.96E-03

The activity values of the remaining core/blanket area components were determined as

follows:

o The source term associated with the 14E10 dummy piece was assumed to be the
same as that shown in Table 2 for the decayed activity of the outer blanket steel.
This is a reasonable/conservative assumption since this dummy piece was located in
an outside row of the outer blanket and the Table 2 activity values were computed
using a 90% maximum allowed flux value.

e The source term associated with each remaining thimble was assumed to be the same
as the decayed thimble activity presented in Table 2. The Table 2 values were
multiplied by 12 to account for the activity in each of the 12 remaining thimbles.

o The source term associated with each remaining control rod drive shaft was assumed

to be the same as the decayed activity of the control rod drive presented in Table 2.

The Table 2 values were multiplied by 8 to account for the activity in each of the
remaining 8 drive shafts.

Table 3 presents the activation activity associated with the components remaining in the
core/blanket regions of the EBR-II reactor.

Table 3. EBR-II Core/Blanket Area Activity

Control Rod Control Rod

14E10 Dummy Thimbles (12) Drive Shafts (8) Total

Radionuclide Activity (Ci) Activity (Ci) Activity (Ci) (Ci)
C-14 5.18E-02 6.01E-02 7.55E-02 1.87E-01
CI-36 5.46E-06 4.30E-05 3.88E-05 8.72E-05
Co-60 3.17E+02 3.19E+02 5.98E+02 1.23E+03
Ni-59 2.73E-01 2.44E-01 3.80E-01 8.96E-01
Ni-63 1.80E+01 1.57E+01 2.52E+01 5.89E+01
Nb-94 9.14E-03 7.15E-03 1.22E-02 2.85E-02
Tc-99 2.22E-02 1.82E-02 3.17E-02 7.21E-02
Total 3.35E+02 3.35E+02 6.24E+02 1.29E+03
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5.2 ACTIVATION SOURCE TERM
OUTSIDE CORE/BLANKET

As discussed previously, the EBR-II was designed to demonstrate the feasibility of operating
a sodium-cooled fast breeder reactor. The fission cross section of fuel material in a fast neutron
environment is small (1 to 2 barns) compared to the cross section for thermal neutrons (600 to
800 barns). This results in a larger mass of fissionable material being required, compared to a
thermal reactor, and, to reduce the leakage of neutrons from the core, this larger mass was
arranged in the most compact geometry possible. Sodium was selected as the coolant because, in
addition to its excellent thermal properties, sodium has a smaller neutron absorption and
moderating effect than water and permits a greater breeding ratio and better neutron economy.
Due to the smaller moderating effect, the fast neutron spectrum resulting from the use of sodium
coolant results in a greater breeding potential and results in less parasitic neutron absorption by
structural materials since the cross section of most materials decrease with increasing neutron
energy.

In general, for the purpose of the reactor source term following shut down, the most
important type of activation reaction is thermal neutron capture in which an isotope of mass A
captures a neutron to produce a product of mass A+1. Capture rates are normally maximum in
the thermal region, which, at room temperature is 0.025 eV. Neutron capture cross sections are
defined for a thermal region of 0 to 0.5 eV. In the epithermal (intermediate) region between 1
KeV and a few KeV, especially for elements with intermediate and high mass numbers, there are
often particular energies for which the rate of the absorption of neutrons is also high.

At the center of the EBR-II core, the peak neutron flux was 3.55E+15 n/cm?-sec with a
median neutron energy of 450 KeV. The neutron flux from the core center into the outer blanket
is presented in Figure 18. The neutron energies in Figure 16 are divided into two groups; high
energy, those which are above 1.35 MeV (the U-238 fission threshold) and low energy, those that
are below this value. As shown in Figure 18, the materials forming the inner and outer blanket
regions soften the neutron spectrum (decrease the number of high energy neutrons). The median
neutron energy at the outer edge of the outer blanket is 150 KeV (Reference 1).

While a portion of the neutrons generated from fission in the core escaped the core and
blanket regions and were available for interactions with neutron shield and vessel structural
materials, nearly all, by at least and order of magnitude, neutrons escaping the core/blanket
regions were generated in the outer 20 cm of the outer blanket (Reference 11).
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Figure 18 EBR-II Neutron Flux in Core and Blanket regions
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The radial neutron flux thru the reactor neutron shields and vessel structural components
taken from ANL-6614 (Reference 11), Experimental Breeder Reactor-1I (EBR-11) Shield Design,
is presented in Figures 19 and 20. Figures 21 and 22 show the axial neutron flux above (Figure
21) and below (Figure 22) the core area. For reference, the neutron flux for a typical pressurized
water reactor (PWR) taken from NUREG/CR-3474 (Reference 12), Long-Lived Activation
Products in Reactor Materials, is presented in Figure 23. In figures 19 — 22 the neutron energies
are divided into three groups: fast flux (greater than 24.5 KeV), intermediate flux (0.27 eV to 24.5
KeV), and slow flux (less than 0.27 eV).
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Figure 19. EBR-II Radial Neutron Flux
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Figure 20. EBR-II Radial Neutron Flux (Continued)
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Figure 21. EBR-II Axial Neutron Flux, Above Core
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Figure 22. EBR-II Axial Neutron Flux, Below Core
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Figure 23. PWR Radial Neutron Flux
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Components forming the EBR-II reactor and surrounding structures were made from the
following materials:

e Reactor components and primary tanks were made from Type 304 stainless steel (304
SS);

e The guide tubes in the vessel cover were Stellite-6;

e The neutron shields were formed from, primarily, graphite;
e The primary tank insulation from steel wool;

e The air baffle from carbon steel;

e The blast shield from a variety of materials including carbon steel, vermiculite,
aerated concrete, and celotex;

¢ The biological shield from ordinary concrete.

304 SS is a common metal in commercial reactors, including those documented in
NUREG/CR-3474, and the test reactors at the INL including the Engineering Test Reactor (ETR),
the Material Test Reactor (MTR) and the Power Burst Facility (PBF) reactor.

Stellite 6 is a cobalt-based alloy chosen for its high abrasion, corrosion, and elevated
temperature wear resistance.

The plain graphite used in the EBR-II neutron shield was selected, on the basis of similarity
in chemistry and low boron content, from the graphite salvaged from the dismantled Chicago Pile
reactor, CP-2 (Reference 1). The same grade of graphite (AGOT) manufactured by the same
manufacturer (National Carbon Co.) was used in graphite blocks surrounding the MTR
(Reference 13). The borated graphite was also manufactured by the National Carbon Co. to
Argonne National Laboratory specifications. These specifications required that the basic coke
flour used should conform with the vendor’s standards for their AGSR-grade graphite (ash
content — 0.30%). In addition, the finished product was to contain a minimum of 2.9 weight
percent B,C powder.

The Blast Shield surrounding the primary tank was formed of carbon steel plates, vermiculite
concrete, aerated concrete, and celotex. Vermiculite is the name used in commerce for a group of
micaceous minerals that expand or exfoliate many times (8 to 20 times or more) the original
thickness when heated (Reference 24). Vermiculite is always used in the exfoliated form. The
average composition of vermiculite can be represented by the following formula (Reference 24):

One of its largest commercial uses is as an aggregate in light weight concrete. Vermiculite
concrete weighs 20 to 25 1b/ft’ compared to ordinary concrete which weighs ~100 Ib/ft’.

In aerated concrete, unlike most ordinary concrete, no aggregate larger than sand is used.
Quartz sand, lime, and/or cement is used as a binding agent in this concrete. Aluminum powder
is also added to the mixture (0.05% to 0.08% by volume). During the curing process, the
aluminum powder reacts with calcium hydroxide and water to form hydrogen. This hydrogen
generation doubles the volume of the concrete. At the end of this process, the hydrogen escapes
to the atmosphere and is replace by air thus given the finished product its low density (<50% of
ordinary concrete).
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Celotex is a sugarcane bagasse fiber that consists of primarily cellulose (<95%) and starch
(<9%). In addition to these organic constituents, it contains trace amounts of inorganic
constituents such as clay (Reference 26).

Stainless Steel Component Activity

The results of a post reactor shut down source term determination for the components
forming a typical PWR that had operated for 30 effective full power years are documented in
NUREG/CR-3474. The vessel cladding (formed from 304 SS) of this PWR was exposed to a
neutron flux that was similar (in terms of the relationship between thermal and epithermal (0.5 eV
to 1 MeV) neutron flux, with the epithermal flux over a magnitude greater than the thermal flux,
to the neutron flux that the stainless steel items of the EBR-II reactor structure were exposed.

The magnitude of the neutron flux through the components and the power history of EBR-II was
different than the PWR mentioned above. Additionally the source term for the PWR was
determined immediately following shut down while the EBR-II reactor has been shut down for 15
years. If, however, the activity of one radionuclide in the activated stainless steel components of
EBR-II could be determined then the activity of this radionuclide could be scaled to the decayed
PWR radionuclide activity values and a source term of the EBR-II components determined.

Ni-63 is an abundant radionuclide present in activated 304 SS and is by far the most abundant
activation product in this material >30 years following reactor shutdown. Ni-63 is formed by the
direct thermal neutron capture of nickel (Ni-62). The reasons that Ni-63 contributes such a large
percentage of the decayed source term of this activated material are: 1) the half life of Ni-63 is
relatively long at 100 years, 2) the relatively large amounts of nickel in 304 SS, and 3) the
relatively high Ni-62 thermal cross section of 14.5 barns.

The following methodology and assumptions were used to calculate the Ni-63 activity in the
components forming the EBR-II reactor:

e The number of Ni-63 atoms produced per gram of 304 SS in each component during
each year of reactor operation was determined using the following equation:

N ; .
N, = m(1 - e“”’) Equation 1
j“7.7'
Where:
N, = Number of Ni-63 atoms produced;
[0) = Thermal neutron flux, neutrons per cm” per second;
N; = Number of target Ni-62 atoms;
Oa = Activation cross section (barns, 1 barn = 1E-24 cm?*/atom);
Mt = Effective removal cross section;
t = time.

e NI - The quantity of Ni-62 in 304 SS is 3.50E-03 grams of Ni-62 per gram 304 SS or
3.40E+19 atoms of Ni-62 per gram of 304 SS. This concentration value was
obtained in EDF-6133 (Reference 14) which documents the source term for the ETR
reactor and is based on the 304 SS used in the construction of the ATR reactor. Both
the EBR-II and ATR reactors were built in the early 60’s.
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¢ - The thermal neutron flux thru each component forming the EBR-II reactor was
taken from Figures 17 — 19 based on the distance of the component from the
centerline of the reactor core.

0,1 — The thermal activation cross section for Ni-62 is 14.5 barns (Reference 15)

Aot - The radioactive nuclei, once formed, are removed in a reactor by two processes:
1) Capture — the radioactive atom itself absorbs another neutron (for example Ni-63
absorbs a neutron and becomes Ni-64, which is a stable isotope), and 2) radioactive
decay. The effective removal cross section is the sum of the probability of the
removal of the activated radionuclide by capture and decay as shown in the following
equation:

Ay =4, + 90, Equation 2
Where:

A, = decay constant = LN(2)/half life (s™)

(0] = Thermal neutron flux, neutrons per cm” per second;

Oa» = Activation cross section of the radioactive atom which, for Ni-63, is

24.4 barns (Reference 15);

t — The irradiation time during each year of operation. The irradiation time for each
year was determined from the EBR-II power history presented in Table 4. The time
was calculated by dividing the power produced, in MWD, by the rated power of the
reactor (62.5 MW,) and converting the results to seconds. The rated power is used in
this calculation since the neutron flux data presented in Figures 17 — 19 are based on
full power operation. While this method of modeling the power history maximizes
the neutron flux with the use of rated power, it underestimates the decay time that
occurred during the year of operation (since the reactor did operate off and on
throughout the year). Due to the long half life of Ni-63, this underestimation of
decay time is negligible. An example of the irradiation time calculation for operation
in the year 1966 is presented below:

_ 7200MW,D _ 86400s

‘= =9.95%10°s
62.5MW, D
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Year(s) History

1957 Construction of EBR-II started.

1961 EBR-II achieves criticality without sodium.

1963 EBR-II achieves “wet” criticality with sodium.

1964 First power supplied to NRTS Power grid. EBR-II power is raised to 37.5 MW
(thermal) and produces 700 MW D.

1965 First irradiation experiments installed in core. EBR-II power is raised to 45 MW
(thermal) and produces 4,340 MW,D.

1966 EBR-II produces 7,200 MW D.

1967 EBR-II produces 3,300 MW D.

1968 EBR-II produces 7,000 MW D.

1969 EBR-II produces 7,900 MW D.

1970 EBR-II reconfigured to be test irradiation facility. Regular power operation at 62.5
MW (thermal). EBR-II produces 11,400 MW D.

1971 EBR-II produces 8,700 MW D.

1972 Operation with new radial stainless steel reflector started. EBR-II produces 10,700
MWD.

1973 EBR-II produces 11,600 MW D.

1974 EBR-II produces 13,300 MW D.

1975 EBR-II produces 14,760 MWD.

1976 EBR-II produces 18,100 MWD.

1977 EBR-II produces 16,400 MWD.

1978 EBR-II produces 16,500 MWD.

1979 EBR-II produces 16,000 MW,D.

1980 EBR-II produces 16,300 MWD

1981 EBR-II produces 13,700 MW,D.

1982 EBR-II produces 12,100 MW D.

1983 EBR-II produces 12,600 MW D.

1984 EBR-II produces 13,600 MW D.

1985 EBR-II produces 15,200 MW D.

1986 EBR-II produces 14,600 MW D.

1987 EBR-II produces 16,700 MW D.

1988 EBR-II produces 17,900 MWD.

1989 EBR-II produces 8,200 MW D.

1990 EBR-II produces 23,400 MWD.

1991 EBR-II produces 5,500 MW D.

1992 EBR-II produces 12,300 MW,D.

1993 EBR-II produces 8,900 MW D.

1994 EBR-II produces 7,600 MW,D. EBR-II is officially shut down on September 30, 1994.
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Once the number of Ni-63 atoms produced per gram 304 SS for each component in
each year of operation was determined, this number of atoms was “decayed” from the
year they were produced to reactor shut down in 1994. This “decay” was calculated
using the following equation that accounted for both radioactive decay and neutron
capture:

N,,, = N,e*r) Equation 3
Where:
Nigogs = Number of Ni-63 atoms remaining in 1994
ty = Decay time, ~time (in seconds) from the end of the irradiation year
to 1994.
t; = Irradiation time — determined from the power history for the

remaining years of operation.
All other terms as defined previously.

Once the number of atoms of Ni-63 produced in each year of operation and
“decayed” to 1994 was determined, the number of atoms were summed to give the
total Ni-63 atoms per gram of 304 SS in 1994.

The activity of Ni-63 per gram of 304 SS was then determined with the following
equation:

A1<>94 = ﬂ“z N1994 Equation 4

Where:
Ai99s = The activity of Ni-63 per gram of 304 SS

And all other terms were as defined previously.

The 1994 Ni-63 activity per gram of 304 SS was then decayed to 2009. Since the
reactor was now shut down and neutron capture was no longer occurring, the
equation used to perform this calculation was as follows:

A2009 = A1994exzr'/ Equation 5

The results of these calculations are presented in Attachment A.

The specific activity (in Ci/g 304 SS) data for the PWR vessel cladding documented
in NUREG/CR-3474 were decayed 15 years to match the shut down time of EBR-II.
These decayed results were then normalized to the specific activity of Ni-63. The
results of these calculations are presented in Table 5.
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PWR Cladding
PWR Cladding. Decayed Ni-63
Tip Specific Activity | Specific Activity Normalized
Radionuclide (years) (Cilg) (Cilg) Values
H-3 1.23E+01 3.30E-07 1.42E-07 2.92E-03
C-14 5.72E+03 6.60E-08 6.59E-08 1.35E-03
CI-36 3.01E+05 1.40E-09 1.40E-09 2.88E-05
Ca-41 1.02E+05 1.20E-11 1.20E-11 2.47E-07
Mn-53 3.74E+06 6.90E-12 6.90E-12 1.42E-07
Mn-54 8.55E-01 1.20E-05 6.24E-11 1.28E-06
Fe-55 2.73E+00 5.40E-04 1.20E-05 2.46E-01
Ni-59 7.60E+04 4.30E-07 4.30E-07 8.83E-03
Co-60 5.27E+00 3.30E-04 4.59E-05 9.43E-01
Ni-63 1.00E+02 5.40E-05 4.87E-05 1.00E+00
Zn-65 6.68E-01 9.90E-07 1.72E-13 3.54E-09
Se-79 6.50E+04 1.20E-12 1.20E-12 2.47E-08
Sr-90 2.91E+01 3.60E-10 2.52E-10 5.17E-06
Nb-92m 3.47E+07 2.00E-15 2.00E-15 4.11E-11
Zr-93 1.53E+06 8.60E-14 8.60E-14 1.77E-09
Mo-93 3.50E+03 1.10E-09 1.10E-09 2.25E-05
Nb-94 2.03E+04 7.50E-10 7.50E-10 1.54E-05
Tc-99 2.13E+05 2.40E-10 2.40E-10 4.93E-06
Ag-108m 4.18E+02 2.20E-10 2.15E-10 4.41E-06
Sn-121m 4.39E+01 1.10E-11 8.68E-12 1.78E-07
1-129 1.70E+07 1.10E-16 1.10E-16 2.26E-12
Ba-133 1.05E+01 7.10E-09 2.65E-09 5.44E-05
Cs-134 2.07E+00 2.30E-08 1.50E-10 3.07E-06
Cs-135 2.30E+06 7.80E-15 7.80E-15 1.60E-10
Cs-137 3.02E+01 4.20E-10 2.98E-10 6.12E-06
Pm-145 1.77E+01 3.10E-12 1.72E-12 3.54E-08
Sm-146 1.03E+08 4.30E-19 4.30E-19 8.84E-15
Sm-151 9.00E+01 5.90E-10 5.26E-10 1.08E-05
Eu-152 1.35E+01 7.60E-08 3.52E-08 7.23E-04
Eu-154 8.59E+00 1.20E-08 3.58E-09 7.35E-05
Eu-155 4.76E+00 5.20E-10 5.85E-11 1.20E-06
Th-158 1.80E+02 5.60E-12 5.29E-12 1.09E-07
Ho-166m 1.20E+03 3.00E-10 2.97E-10 6.11E-06
Hf-178m 3.10E+01 1.20E-09 8.58E-10 1.76E-05
Pb-205 1.73E+07 3.40E-15 3.40E-15 6.99E-11
U-233 1.59E+05 3.40E-12 3.40E-12 6.99E-08
Pu-239 2.41E+04 9.60E-11 9.60E-11 1.97E-06
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o The source term for the EBR-II vessel components was then calculated by
multiplying the components Ni-63 specific activity by the Ni-63 normalized values
presented in Table 5 and by the components mass. The mass values were calculated
from the data provided in Reference 1 and the engineering drawings of the
components.

o The results of these calculations are presented in Table 6.
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Table 6. EBR-II Stainless Steel Component Activation Activity
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Inner Shield Inner Shield Inner Shield Thermal Vessel

Component Wall 1st Row Cans 2nd Row Cans Baffle Wall
Volume (cm3) 1.23E+05 8.91E+04 1.03E+05 1.22E+05 3.19E+05
Mass (g) 9.68E+05 7.04E+05 8.16E+05 9.62E+05 2.52E+06

Ni-63 Specific
Activity (Ci/g) 3.88E-04 3.88E-04 3.88E-04 3.64E-04 3.04E-04
Activity Activity Activity Activity Activity

Radionuclide (Ci) (Ci) (Ci) (Ci) (Ci)
H-3 1.10E+00 7.98E-01 9.25E-01 1.02E+00 2.23E+00
C-14 5.09E-01 3.70E-01 4.29E-01 4.74E-01 1.03E+00
CI-36 1.08E-02 7.86E-03 9.12E-03 1.01E-02 2.20E-02
Ca-41 9.27E-05 6.74E-05 7.82E-05 8.63E-05 1.88E-04
Mn-53 5.33E-05 3.88E-05 4.50E-05 4.96E-05 1.08E-04
Mn-54 4.82E-04 3.50E-04 4.06E-04 4.49E-04 9.80E-04
Fe-55 9.26E+01 6.73E+01 7.80E+01 8.62E+01 1.88E+02
Ni-59 3.32E+00 2.41E+00 2.80E+00 3.09E+00 6.75E+00
Co-60 3.55E+02 2.58E+02 2.99E+02 3.30E+02 7.21E+02
Ni-63 3.76E+02 2.73E+02 3.17E+02 3.50E+02 7.65E+02
Zn-65 1.33E-06 9.67E-07 1.12E-06 1.24E-06 2.70E-06
Se-79 9.27E-06 6.74E-06 7.82E-06 8.63E-06 1.88E-05
Sr-90 1.95E-03 1.41E-03 1.64E-03 1.81E-03 3.96E-03
Nb-92m 1.55E-08 1.12E-08 1.30E-08 1.44E-08 3.14E-08
Zr-93 6.65E-07 4.83E-07 5.60E-07 6.19E-07 1.35E-06
Mo-93 8.47E-03 6.16E-03 7.15E-03 7.89E-03 1.72E-02
Nb-94 5.79E-03 4.21E-03 4.88E-03 5.39E-03 1.18E-02
Tc-99 1.85E-03 1.35E-03 1.56E-03 1.73E-03 3.77E-03
Ag-108m 1.66E-03 1.21E-03 1.40E-03 1.54E-03 3.37E-03
Sn-121m 6.71E-05 4.88E-05 5.66E-05 6.24E-05 1.36E-04
1-129 8.50E-10 6.18E-10 7.17E-10 7.91E-10 1.73E-09
Ba-133 2.04E-02 1.49E-02 1.72E-02 1.90E-02 4.16E-02
Cs-134 1.16E-03 8.41E-04 9.75E-04 1.08E-03 2.35E-03
Cs-135 6.03E-08 4.38E-08 5.08E-08 5.61E-08 1.23E-07
Cs-137 2.30E-03 1.67E-03 1.94E-03 2.14E-03 4.68E-03
Pm-145 1.33E-05 9.68E-06 1.12E-05 1.24E-05 2.71E-05
Sm-146 3.32E-12 2.42E-12 2.80E-12 3.09E-12 6.76E-12
Sm-151 4.06E-03 2.95E-03 3.42E-03 3.78E-03 8.26E-03
Eu-152 2.72E-01 1.98E-01 2.29E-01 2.53E-01 5.53E-01
Eu-154 2.76E-02 2.01E-02 2.33E-02 2.57E-02 5.62E-02
Eu-155 4.52E-04 3.29E-04 3.81E-04 4.21E-04 9.19E-04
Tb-158 4.08E-05 2.97E-05 3.44E-05 3.80E-05 8.30E-05
Ho-166m 2.30E-03 1.67E-03 1.94E-03 2.14E-03 4.67E-03
Hf-178m 6.63E-03 4.82E-03 5.59E-03 6.17E-03 1.35E-02
Pb-205 2.63E-08 1.91E-08 2.22E-08 2.45E-08 5.34E-08
U-233 2.63E-05 1.91E-05 2.22E-05 2.45E-05 5.34E-05
Pu-239 7.42E-04 5.39E-04 6.25E-04 6.90E-04 1.51E-03
Total 8.29E+02 6.02E+02 6.99E+02 7.71E+02 1.68E+03
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Shield Outer Shield Outer Shield Outer Shield Outer Shield
Component Liner 1st Row Cans | 2nd Row Cans | 3rd Row Cans | 4th Row Cans
Volume (cms) 1.91E+05 2.28E+06 2.47E+06 2.86E+06 2.87E+06
Mass (9) 1.51E+06 1.80E+07 1.95E+07 2.26E+07 2.27E+07
Ni-63 Specific
Activity (Ci/g) 2.79E-04 1.70E-04 6.69E-08 4.26E-07 4.01E-09
Activity Activity Activity Activity Activity

Radionuclide (Ci) (Ci) (Ci) (Ci) (Ci)
H-3 1.23E+00 8.93E+00 3.81E-03 2.81E-02 2.65E-04
C-14 5.69E-01 4.14E+00 1.77E-03 1.30E-02 1.23E-04
Cl-36 1.21E-02 8.80E-02 3.75E-05 2.77E-04 2.62E-06
Ca-41 1.04E-04 7.54E-04 3.22E-07 2.37E-06 2.24E-08
Mn-53 5.96E-05 4.34E-04 1.85E-07 1.36E-06 1.29E-08
Mn-54 5.39E-04 3.92E-03 1.67E-06 1.23E-05 1.17E-07
Fe-55 1.04E+02 7.53E+02 3.21E-01 2.37E+00 2.24E-02
Ni-59 3.72E+00 2.70E+01 1.15E-02 8.49E-02 8.03E-04
Co-60 3.97E+02 2.88E+03 1.23E+00 9.07E+00 8.57E-02
Ni-63 4.21E+02 3.06E+03 1.30E+00 9.61E+00 9.09E-02
Zn-65 1.49E-06 1.08E-05 4.61E-09 3.40E-08 3.22E-10
Se-79 1.04E-05 7.54E-05 3.22E-08 2.37E-07 2.24E-09
Sr-90 2.18E-03 1.58E-02 6.75E-06 4.98E-05 4. 71E-07
Nb-92m 1.73E-08 1.26E-07 5.36E-11 3.95E-10 3.74E-12
Zr-93 7.43E-07 5.41E-06 2.30E-09 1.70E-08 1.61E-10
Mo-93 9.48E-03 6.89E-02 2.94E-05 2.17E-04 2.05E-06
Nb-94 6.48E-03 4.71E-02 2.01E-05 1.48E-04 1.40E-06
Tc-99 2.07E-03 1.51E-02 6.43E-06 4.74E-05 4. 48E-07
Ag-108m 1.85E-03 1.35E-02 5.75E-06 4.24E-05 4.01E-07
Sn-121m 7.50E-05 5.46E-04 2.33E-07 1.71E-06 1.62E-08
1-129 9.51E-10 6.91E-09 2.95E-12 2.17E-11 2.06E-13
Ba-133 2.29E-02 1.66E-01 7.09E-05 5.23E-04 4.94E-06
Cs-134 1.29E-03 9.41E-03 4.01E-06 2.96E-05 2.80E-07
Cs-135 6.74E-08 4.90E-07 2.09E-10 1.54E-09 1.46E-11
Cs-137 2.57E-03 1.87E-02 7.98E-06 5.88E-05 5.56E-07
Pm-145 1.49E-05 1.08E-04 4.62E-08 3.40E-07 3.22E-09
Sm-146 3.72E-12 2.70E-11 1.15E-14 8.50E-14 8.03E-16
Sm-151 4.54E-03 3.30E-02 1.41E-05 1.04E-04 9.82E-07
Eu-152 3.04E-01 2.21E+00 9.43E-04 6.95E-03 6.57E-05
Eu-154 3.09E-02 2.25E-01 9.58E-05 7.07E-04 6.68E-06
Eu-155 5.06E-04 3.68E-03 1.57E-06 1.16E-05 1.09E-07
Tb-158 4.57E-05 3.32E-04 1.42E-07 1.04E-06 9.88E-09
Ho-166m 2.57E-03 1.87E-02 7.97E-06 5.88E-05 5.56E-07
Hf-178m 7.42E-03 5.39E-02 2.30E-05 1.70E-04 1.60E-06
Pb-205 2.94E-08 2.14E-07 9.11E-11 6.72E-10 6.35E-12
U-233 2.94E-05 2.14E-04 9.11E-08 6.72E-07 6.35E-09
Pu-239 8.29E-04 6.03E-03 2.57E-06 1.90E-05 1.79E-07
Total 9.27E+02 6.74E+03 2.87E+00 2.12E+01 2.00E-01
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Upper Flow Upper Neutron
Outer Shield Baffle/Hold-down Thermal Closure Head Shield
Component 5th Row Cans Fingers Shield Lower Surface | 1st Row Can
Volume (cm®) 3.22E+06 5.35E+05 1.07E+05 1.07E+05 4.89E+04
Mass (g) 2.54E+07 4.23E+06 8.42E+05 8.42E+05 3.86E+05
Ni-63 Specific
Activity (Ci/g) 4.26E-09 4.26E-05 4.86E-06 3.65E-06 3.04E-06
Activity Activity Activity Activity Activity
Radionuclide (Ci) (Ci) (Ci) (Ci) (Ci)
H-3 3.16E-04 5.25E-01 1.19E-02 8.96E-03 3.42E-03
C-14 1.46E-04 2.43E-01 5.54E-03 4.16E-03 1.59E-03
CIl-36 3.11E-06 5.17E-03 1.18E-04 8.84E-05 3.38E-05
Ca-41 2.67E-08 4.43E-05 1.01E-06 7.57E-07 2.89E-07
Mn-53 1.53E-08 2.55E-05 5.81E-07 4.35E-07 1.66E-07
Mn-54 1.39E-07 2.30E-04 5.25E-06 3.94E-06 1.50E-06
Fe-55 2.66E-02 4.43E+01 1.01E+00 7.56E-01 2.89E-01
Ni-59 9.56E-04 1.59E+00 3.62E-02 2.71E-02 1.04E-02
Co-60 1.02E-01 1.70E+02 3.86E+00 2.90E+00 1.11E+00
Ni-63 1.08E-01 1.80E+02 4.10E+00 3.07E+00 1.17E+00
Zn-65 3.83E-10 6.36E-07 1.45E-08 1.09E-08 4.15E-09
Se-79 2.67E-09 4.43E-06 1.01E-07 7.57E-08 2.89E-08
Sr-90 5.60E-07 9.31E-04 2.12E-05 1.59E-05 6.07E-06
Nb-92m 4.45E-12 7.39E-09 1.68E-10 1.26E-10 4.82E-11
Zr-93 1.91E-10 3.18E-07 7.24E-09 5.43E-09 2.07E-09
Mo-93 2.44E-06 4.05E-03 9.23E-05 6.92E-05 2.64E-05
Nb-94 1.67E-06 2.77E-03 6.31E-05 4.73E-05 1.81E-05
Tc-99 5.33E-07 8.87E-04 2.02E-05 1.51E-05 5.79E-06
Ag-108m 4.77E-07 7.93E-04 1.81E-05 1.35E-05 5.17E-06
Sn-121m 1.93E-08 3.21E-05 7.30E-07 5.48E-07 2.09E-07
1-129 2.45E-13 4.06E-10 9.26E-12 6.94E-12 2.65E-12
Ba-133 5.88E-06 9.77E-03 2.23E-04 1.67E-04 6.38E-05
Cs-134 3.33E-07 5.53E-04 1.26E-05 9.44E-06 3.61E-06
Cs-135 1.73E-11 2.88E-08 6.56E-10 4.92E-10 1.88E-10
Cs-137 6.62E-07 1.10E-03 2.50E-05 1.88E-05 7.18E-06
Pm-145 3.83E-09 6.37E-06 1.45E-07 1.09E-07 4.15E-08
Sm-146 9.56E-16 1.59E-12 3.62E-14 2.71E-14 1.04E-14
Sm-151 1.17E-06 1.94E-03 4.42E-05 3.32E-05 1.27E-05
Eu-152 7.82E-05 1.30E-01 2.96E-03 2.22E-03 8.48E-04
Eu-154 7.95E-06 1.32E-02 3.01E-04 2.26E-04 8.63E-05
Eu-155 1.30E-07 2.16E-04 4.93E-06 3.69E-06 1.41E-06
Tb-158 1.17E-08 1.95E-05 4.45E-07 3.34E-07 1.27E-07
Ho-166m 6.61E-07 1.10E-03 2.50E-05 1.88E-05 7.17E-06
Hf-178m 1.91E-06 3.17E-03 7.22E-05 5.42E-05 2.07E-05
Pb-205 7.56E-12 1.26E-08 2.86E-10 2.15E-10 8.20E-11
U-233 7.56E-09 1.26E-05 2.86E-07 2.15E-07 8.20E-08
Pu-239 2.13E-07 3.55E-04 8.07E-06 6.06E-06 2.31E-06
Total 2.38E-01 3.96E+02 9.02E+00 6.77E+00 2.59E+00
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Upper Neutron Upper Neutron Upper Neutron | Upper Neutron | Upper Neutron
Shield Shield Shield Shield Shield
Component 2nd Row Can 3rd Row Can 4th Row Can 5th Row Can 6th Row Can
Volume (cm®) 4.89E+04 4.89E+04 4.89E+04 4.89E+04 4.89E+04
Mass (9) 3.86E+05 3.86E+05 3.86E+05 3.86E+05 3.86E+05
Ni-63 Specific
Activity (Ci/g) 1.22E-06 3.04E-07 9.73E-08 1.82E-08 4.86E-09
Activity Activity Activity Activity Activity

Radionuclide (Ci) (Ci) (Ci) (Ci) (Ci)
H-3 1.37E-03 3.42E-04 1.10E-04 2.05E-05 5.48E-06
C-14 6.35E-04 1.59E-04 5.08E-05 9.53E-06 2.54E-06
CI-36 1.35E-05 3.38E-06 1.08E-06 2.03E-07 5.40E-08
Ca-41 1.16E-07 2.89E-08 9.26E-09 1.74E-09 4.63E-10
Mn-53 6.66E-08 1.66E-08 5.32E-09 9.98E-10 2.66E-10
Mn-54 6.01E-07 1.50E-07 4.81E-08 9.02E-09 2.41E-09
Fe-55 1.16E-01 2.89E-02 9.24E-03 1.73E-03 4.62E-04
Ni-59 4.15E-03 1.04E-03 3.32E-04 6.22E-05 1.66E-05
Co-60 4.43E-01 1.11E-01 3.54E-02 6.64E-03 1.77E-03
Ni-63 4.69E-01 1.17E-01 3.76E-02 7.04E-03 1.88E-03
Zn-65 1.66E-09 4.15E-10 1.33E-10 2.49E-11 6.64E-12
Se-79 1.16E-08 2.89E-09 9.26E-10 1.74E-10 4.63E-11
Sr-90 2.43E-06 6.07E-07 1.94E-07 3.64E-08 9.72E-09
Nb-92m 1.93E-11 4.82E-12 1.54E-12 2.89E-13 7.72E-14
Zr-93 8.29E-10 2.07E-10 6.64E-11 1.24E-11 3.32E-12
Mo-93 1.06E-05 2.64E-06 8.46E-07 1.59E-07 4.23E-08
Nb-94 7.23E-06 1.81E-06 5.78E-07 1.08E-07 2.89E-08
Tc-99 2.31E-06 5.79E-07 1.85E-07 3.47E-08 9.26E-09
Ag-108m 2.07E-06 5.17E-07 1.66E-07 3.10E-08 8.28E-09
Sn-121m 8.37E-08 2.09E-08 6.70E-09 1.26E-09 3.35E-10
1-129 1.06E-12 2.65E-13 8.49E-14 1.59E-14 4.24E-15
Ba-133 2.55E-05 6.38E-06 2.04E-06 3.83E-07 1.02E-07
Cs-134 1.44E-06 3.61E-07 1.15E-07 2.17E-08 5.77E-09
Cs-135 7.52E-11 1.88E-11 6.02E-12 1.13E-12 3.01E-13
Cs-137 2.87E-06 7.18E-07 2.30E-07 4.31E-08 1.15E-08
Pm-145 1.66E-08 4.15E-09 1.33E-09 2.49E-10 6.65E-11
Sm-146 4.15E-15 1.04E-15 3.32E-16 6.22E-17 1.66E-17
Sm-151 5.07E-06 1.27E-06 4.06E-07 7.60E-08 2.03E-08
Eu-152 3.39E-04 8.48E-05 2.71E-05 5.09E-06 1.36E-06
Eu-154 3.45E-05 8.63E-06 2.76E-06 5.18E-07 1.38E-07
Eu-155 5.65E-07 1.41E-07 4.52E-08 8.47E-09 2.26E-09
Tb-158 5.10E-08 1.27E-08 4.08E-09 7.65E-10 2.04E-10
Ho-166m 2.87E-06 7.17E-07 2.29E-07 4.30E-08 1.15E-08
Hf-178m 8.28E-06 2.07E-06 6.62E-07 1.24E-07 3.31E-08
Pb-205 3.28E-11 8.20E-12 2.62E-12 4.92E-13 1.31E-13
U-233 3.28E-08 8.20E-09 2.62E-09 4.92E-10 1.31E-10
Pu-239 9.26E-07 2.31E-07 7.40E-08 1.39E-08 3.70E-09
Total 1.03E+00 2.59E-01 8.27E-02 1.55E-02 4.14E-03
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Closure Head

Body Cylindrical | Closure Head | Upper Grid | Interconnecting | High Pressure
Component Surface Top Plate Tubes Coolant Baffle
Volume (cm®) 2.24E+05 1.43E+05 3.34E+05 1.93E+05 2.30E+04
Mass (g) 1.77E+06 1.13E+06 5.34E+05 1.52E+06 1.81E+05
Ni-63 Specific
Activity (Ci/g) 1.22E-07 1.09E-09 2.43E-05 3.53E-05 3.53E-05
Activity Activity Activity Activity Activity

Radionuclide (Ci) (Ci) (Ci) (Ci) (Ci)
H-3 6.29E-04 3.61E-06 3.79E-02 1.57E-01 1.87E-02
C-14 2.92E-04 1.68E-06 1.76E-02 7.27E-02 8.66E-03
CI-36 6.20E-06 3.56E-08 3.74E-04 1.54E-03 1.84E-04
Ca-41 5.32E-08 3.05E-10 3.20E-06 1.32E-05 1.58E-06
Mn-53 3.06E-08 1.75E-10 1.84E-06 7.61E-06 9.07E-07
Mn-54 2.76E-07 1.59E-09 1.66E-05 6.88E-05 8.20E-06
Fe-55 5.31E-02 3.05E-04 3.20E+00 1.32E+01 1.57E+00
Ni-59 1.90E-03 1.09E-05 1.15E-01 4.74E-01 5.65E-02
Co-60 2.03E-01 1.17E-03 1.22E+01 5.06E+01 6.03E+00
Ni-63 2.16E-01 1.24E-03 1.30E+01 5.37E+01 6.40E+00
Zn-65 7.63E-10 4.38E-12 4.60E-08 1.90E-07 2.26E-08
Se-79 5.32E-09 3.05E-11 3.20E-07 1.32E-06 1.58E-07
Sr-90 1.12E-06 6.40E-09 6.72E-05 2.78E-04 3.31E-05
Nb-92m 8.86E-12 5.09E-14 5.34E-10 2.21E-09 2.63E-10
Zr-93 3.81E-10 2.19E-12 2.30E-08 9.48E-08 1.13E-08
Mo-93 4.86E-06 2.79E-08 2.93E-04 1.21E-03 1.44E-04
Nb-94 3.32E-06 1.91E-08 2.00E-04 8.27E-04 9.85E-05
Tc-99 1.06E-06 6.10E-09 6.41E-05 2.65E-04 3.15E-05
Ag-108m 9.51E-07 5.46E-09 5.73E-05 2.37E-04 2.82E-05
Sn-121m 3.85E-08 2.21E-10 2.32E-06 9.57E-06 1.14E-06
1-129 4.87E-13 2.80E-15 2.94E-11 1.21E-10 1.45E-11
Ba-133 1.17E-05 6.73E-08 7.06E-04 2.92E-03 3.48E-04
Cs-134 6.63E-07 3.81E-09 3.99E-05 1.65E-04 1.97E-05
Cs-135 3.46E-11 1.98E-13 2.08E-09 8.60E-09 1.03E-09
Cs-137 1.32E-06 7.57E-09 7.95E-05 3.28E-04 3.91E-05
Pm-145 7.63E-09 4.38E-11 4.60E-07 1.90E-06 2.26E-07
Sm-146 1.90E-15 1.09E-17 1.15E-13 4.74E-13 5.65E-14
Sm-151 2.33E-06 1.34E-08 1.40E-04 5.80E-04 6.91E-05
Eu-152 1.56E-04 8.95E-07 9.39E-03 3.88E-02 4.62E-03
Eu-154 1.58E-05 9.10E-08 9.55E-04 3.94E-03 4.70E-04
Eu-155 2.59E-07 1.49E-09 1.56E-05 6.45E-05 7.69E-06
Tb-158 2.34E-08 1.34E-10 1.41E-06 5.83E-06 6.95E-07
Ho-166m 1.32E-06 7.56E-09 7.94E-05 3.28E-04 3.91E-05
Hf-178m 3.80E-06 2.18E-08 2.29E-04 9.46E-04 1.13E-04
Pb-205 1.51E-11 8.65E-14 9.08E-10 3.75E-09 4.47E-10
U-233 1.51E-08 8.65E-11 9.07E-07 3.75E-06 4 47E-07
Pu-239 4.25E-07 2.44E-09 2.56E-05 1.06E-04 1.26E-05
Total 4.75E-01 2.73E-03 2.86E+01 1.18E+02 1.41E+01
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Low Pressure Low Pressure Vessel

Safety Rod Lower Grid Baffle/Plenum | Plenum Bottom Leveling

Component Adapters Plate/Plenum Wall Inner Wall Plate Plate
Volume (cm®) 1.38E+03 4.76E+05 7.42E+04 8.63E+04 1.73E+05
Mass (g) 1.09E+04 3.76E+06 5.86E+05 6.82E+05 1.36E+06

Ni-63 Specific
Activity (Ci/g) 3.53E-05 2.55E-05 6.69E-06 3.65E-08 3.65E-09
Activity Activity Activity Activity Activity

Radionuclide (Ci) (Ci) (Ci) (Ci) (Ci)
H-3 1.12E-03 2.80E-01 1.14E-02 7.25E-05 1.45E-05
C-14 5.22E-04 1.30E-01 5.30E-03 3.37E-05 6.73E-06
CIl-36 1.11E-05 2.76E-03 1.13E-04 7.15E-07 1.43E-07
Ca-41 9.50E-08 2.37E-05 9.66E-07 6.13E-09 1.23E-09
Mn-53 5.47E-08 1.36E-05 5.56E-07 3.52E-09 7.05E-10
Mn-54 4.94E-07 1.23E-04 5.02E-06 3.19E-08 6.37E-09
Fe-55 9.49E-02 2.36E+01 9.64E-01 6.12E-03 1.22E-03
Ni-59 3.41E-03 8.48E-01 3.46E-02 2.20E-04 4.39E-05
Co-60 3.63E-01 9.05E+01 3.69E+00 2.34E-02 4.69E-03
Ni-63 3.85E-01 9.60E+01 3.92E+00 2.49E-02 4.97E-03
Zn-65 1.36E-09 3.39E-07 1.39E-08 8.80E-11 1.76E-11
Se-79 9.50E-09 2.37E-06 9.66E-08 6.13E-10 1.23E-10
Sr-90 1.99E-06 4.97E-04 2.03E-05 1.29E-07 2.57E-08
Nb-92m 1.58E-11 3.94E-09 1.61E-10 1.02E-12 2.04E-13
Zr-93 6.81E-10 1.70E-07 6.92E-09 4.39E-11 8.79E-12
Mo-93 8.69E-06 2.16E-03 8.83E-05 5.60E-07 1.12E-07
Nb-94 5.94E-06 1.48E-03 6.04E-05 3.83E-07 7.66E-08
Tc-99 1.90E-06 4.73E-04 1.93E-05 1.23E-07 2.45E-08
Ag-108m 1.70E-06 4.23E-04 1.73E-05 1.10E-07 2.19E-08
Sn-121m 6.88E-08 1.71E-05 6.99E-07 4.43E-09 8.87E-10
1-129 8.71E-13 2.17E-10 8.86E-12 5.62E-14 1.12E-14
Ba-133 2.10E-05 5.22E-03 2.13E-04 1.35E-06 2.70E-07
Cs-134 1.19E-06 2.95E-04 1.20E-05 7.64E-08 1.53E-08
Cs-135 6.18E-11 1.54E-08 6.28E-10 3.98E-12 7.97E-13
Cs-137 2.36E-06 5.87E-04 2.40E-05 1.52E-07 3.04E-08
Pm-145 1.36E-08 3.40E-06 1.39E-07 8.80E-10 1.76E-10
Sm-146 3.41E-15 8.48E-13 3.46E-14 2.20E-16 4.39E-17
Sm-151 4.16E-06 1.04E-03 4.23E-05 2.69E-07 5.37E-08
Eu-152 2.79E-04 6.94E-02 2.83E-03 1.80E-05 3.59E-06
Eu-154 2.83E-05 7.05E-03 2.88E-04 1.83E-06 3.65E-07
Eu-155 4.64E-07 1.15E-04 4.71E-06 2.99E-08 5.98E-09
Tb-158 4.19E-08 1.04E-05 4.26E-07 2.70E-09 5.40E-10
Ho-166m 2.36E-06 5.86E-04 2.39E-05 1.52E-07 3.04E-08
Hf-178m 6.80E-06 1.69E-03 6.91E-05 4.38E-07 8.77E-08
Pb-205 2.69E-11 6.70E-09 2.74E-10 1.74E-12 3.47E-13
U-233 2.69E-08 6.70E-06 2.74E-07 1.74E-09 3.47E-10
Pu-239 7.60E-07 1.89E-04 7.73E-06 4.90E-08 9.80E-09
Total 8.49E-01 2.11E+02 8.63E+00 5.48E-02 1.10E-02
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Graphite Activity

The methodology used to calculate the source term associated with the graphite in the radial
and axial neutron shields was similar to that used for the activated 304 SS components with the
following exceptions:

e [t was assumed that the composition of the EBR-II graphite is identical to the
graphite used in the MTR reflector. This is a reasonable assumption since both were
manufactured by the same company with the same specifications for allowable ash
content.

e The quantity of Ni-62 in MTR graphite is 2.80E-08 grams of Ni-62 per gram of
graphite (EDF-6381 Table A-5) or 2.72E+14 atoms of Ni-62 per gram of graphite.

o The results of the Ni-63 calculations for each layer of the radial and axial neutron
shields are presented in Attachment B

e The activity data for the MTR graphite presented in EDF-6381 was determined based
on a reactor shutdown time of 35 years (1970 to 2005). The specific activity values
calculated from the EDF-6381 data were reverse decayed 20 years and then
normalized to Ni-63. The results of these calculations are presented in Table 7.

e The source term for the various layers of the EBR-II neutron shield was then
calculated by multiplying the layer’s Ni-63 specific activity by the Ni-63 normalized
values presented in Table 7 and by the graphite mass in the layer. The mass values

were calculated from the data provided in Reference 1 and the engineering drawings
of the shields.

e The results of these calculations are presented in Table 8.
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MTR Graphite Ni-63
MTR Graphite Reverse Decayed Graphite
T Specific Activity Specific Activity Normalized
Radionuclide (years) (Cilg) (Cilg) Values
H-3 1.23E+01 2.99E-10 9.21E-10 5.74E-02
Be-10 1.52E+06 5.85E-10 5.85E-10 3.65E-02
C-14 5.72E+03 1.08E-07 1.09E-07 6.77E+00
ClI-36 3.01E+05 1.05E-09 1.05E-09 6.57E-02
Mn-54 8.55E-01 1.11E-20 1.23E-13 7.70E-06
Ni-59 7.60E+04 1.31E-10 1.31E-10 8.17E-03
Co-60 5.27E+00 6.10E-08 8.46E-07 5.28E+01
Ni-63 1.00E+02 1.40E-08 1.60E-08 1.00E+00
Zn-65 6.68E-01 9.59E-24 9.88E-15 6.16E-07
Sr-90 2.91E+01 3.54E-09 5.70E-09 3.56E-01
Nb-94 2.03E+04 6.10E-10 6.10E-10 3.80E-02
Tc-99 2.13E+05 4.22E-13 4.22E-13 2.63E-05
Ru-106 1.01E+00 1.20E-18 1.12E-12 7.00E-05
Ag-108m 4.18E+02 7.76E-09 8.02E-09 5.00E-01
Ag-110m 6.84E-01 1.23E-22 7.83E-14 4.88E-06
Sb-125 2.77E+00 3.15E-12 4.70E-10 2.93E-02
1-129 1.70E+07 7.85E-15 7.85E-15 4.90E-07
Cs-134 2.07E+00 6.24E-11 5.14E-08 3.20E+00
Cs-137 3.02E+01 7.64E-09 1.21E-08 7.54E-01
Ce-144 7.79E-01 1.03E-21 5.49E-14 3.42E-06
Eu-152 1.35E+01 3.29E-08 9.18E-08 5.72E+00
Eu-154 8.59E+00 5.40E-08 2.71E-07 1.69E+01
Pb-210 2.23E+01 6.89E-19 1.29E-18 8.01E-11
Ra-226 1.60E+03 1.75E-18 1.76E-18 1.10E-10
Ac-227 2.16E+01 1.59E-14 3.01E-14 1.88E-06
Th-228 1.91E+00 8.32E-13 1.17E-09 7.32E-02
Th-229 7.34E+03 2.28E-14 2.28E-14 1.42E-06
Th-230 7.70E+04 1.45E-16 1.45E-16 9.06E-09
Pa-231 3.28E+04 2.12E-14 2.12E-14 1.32E-06
Th-232 1.41E+10 5.40E-15 5.40E-15 3.37E-07
U-232 7.20E+01 8.04E-13 9.75E-13 6.08E-05
U-233 1.59E+05 5.48E-12 5.48E-12 3.42E-04
U-234 2.45E+05 2.75E-13 2.75E-13 1.72E-05
U-235 7.04E+08 5.02E-15 5.02E-15 3.13E-07
U-236 2.34E+06 1.71E-14 1.71E-14 1.07E-06
Np-237 2.14E+06 1.80E-14 1.80E-14 1.13E-06
U-238 4.47E+09 1.79E-13 1.79E-13 1.11E-05
Pu-238 8.77E+01 1.45E-10 1.70E-10 1.06E-02
Pu-239 2.41E+04 6.16E-10 6.17E-10 3.85E-02
Pu-240 6.56E+03 3.43E-10 3.44E-10 2.14E-02
Pu-241 1.43E+01 7.08E-09 1.87E-08 1.16E+00
Pu-242 3.76E+05 1.54E-13 1.54E-13 9.59E-06
Pu-244 8.26E+07 5.11E-22 5.11E-22 3.19E-14
Am-241 4.33E+02 1.28E-09 1.32E-09 8.26E-02
Am-243 7.37E+03 2.23E-13 2.24E-13 1.39E-05
Cm-243 2.91E+01 1.91E-13 3.07E-13 1.92E-05
Cm-244 1.81E+01 1.71E-12 3.68E-12 2.29E-04
Cm-245 8.48E+03 1.29E-16 1.29E-16 8.07E-09
Cm-246 4.76E+03 9.13E-18 9.15E-18 5.71E-10
Cm-247 1.56E+07 4.99E-24 4.99E-24 3.11E-16
Cm-248 3.48E+05 2.50E-24 2.50E-24 1.56E-16
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Inner Shield Outer Shield | Outer Shield | Outer Shield
Inner Shield 1st 2nd Row 1st Row 2nd Row 3rd Row
Component Row Graphite Graphite Graphite Graphite Graphite
Volume (cm3) 7.11E+05 8.25E+05 2.36E+06 2.53E+06 2.98E+06
Mass (g) 1.14E+06 1.32E+06 3.77E+06 4.04E+06 4.76E+06
Ni-63 Specific
Activity(Ci/g) 3.11E-09 3.11E-09 1.36E-09 5.36E-13 3.41E-12
Activity Activity Activity Activity Activity
Radionuclide (Ci) (Ci) (Ci) (Ci) (Ci)
H-3 2.03E-04 2.36E-04 2.95E-04 1.24E-07 9.32E-07
Be-10 1.29E-04 1.50E-04 1.87E-04 7.89E-08 5.92E-07
C-14 2.39E-02 2.78E-02 3.47E-02 1.46E-05 1.10E-04
CIl-36 2.33E-04 2.70E-04 3.37E-04 1.42E-07 1.07E-06
Mn-54 2.72E-08 3.16E-08 3.95E-08 1.67E-11 1.25E-10
Ni-59 2.89E-05 3.35E-05 4.20E-05 1.77E-08 1.33E-07
Co-60 1.87E-01 2.17E-01 2.71E-01 1.14E-04 8.56E-04
Ni-63 3.54E-03 4.10E-03 5.13E-03 2.16E-06 1.62E-05
Zn-65 2.18E-09 2.53E-09 3.16E-09 1.33E-12 9.99E-12
Sr-90 1.26E-03 1.46E-03 1.83E-03 7.70E-07 5.77E-06
Nb-94 1.35E-04 1.56E-04 1.95E-04 8.23E-08 6.17E-07
Tc-99 9.30E-08 1.08E-07 1.35E-07 5.69E-11 4.27E-10
Ru-106 2.48E-07 2.87E-07 3.59E-07 1.51E-10 1.14E-09
Ag-108m 1.77E-03 2.05E-03 2.57E-03 1.08E-06 8.11E-06
Ag-110m 1.73E-08 2.00E-08 2.51E-08 1.06E-11 7.92E-11
Sb-125 1.04E-04 1.20E-04 1.50E-04 6.34E-08 4.76E-07
1-129 1.73E-09 2.01E-09 2.51E-09 1.06E-12 7.94E-12
Cs-134 1.13E-02 1.31E-02 1.64E-02 6.93E-06 5.20E-05
Cs-137 2.67E-03 3.09E-03 3.87E-03 1.63E-06 1.22E-05
Ce-144 1.21E-08 1.41E-08 1.76E-08 7.41E-12 5.55E-11
Eu-152 2.02E-02 2.35E-02 2.94E-02 1.24E-05 9.28E-05
Eu-154 5.99E-02 6.95E-02 8.69E-02 3.66E-05 2.75E-04
Pb-210 2.84E-13 3.29E-13 4.11E-13 1.73E-16 1.30E-15
Ra-226 3.89E-13 4.51E-13 5.64E-13 2.38E-16 1.78E-15
Ac-227 6.65E-09 7.71E-09 9.65E-09 4.07E-12 3.05E-11
Th-228 2.59E-04 3.00E-04 3.76E-04 1.58E-07 1.19E-06
Th-229 5.04E-09 5.84E-09 7.31E-09 3.08E-12 2.31E-11
Th-230 3.21E-11 3.72E-11 4.65E-11 1.96E-14 1.47E-13
Pa-231 4.67E-09 5.42E-09 6.78E-09 2.86E-12 2.14E-11
Th-232 1.19E-09 1.38E-09 1.73E-09 7.29E-13 5.47E-12
U-232 2.15E-07 2.50E-07 3.12E-07 1.32E-10 9.86E-10
U-233 1.21E-06 1.40E-06 1.75E-06 7.39E-10 5.54E-09
U-234 6.08E-08 7.05E-08 8.82E-08 3.72E-11 2.79E-10
U-235 1.11E-09 1.29E-09 1.61E-09 6.78E-13 5.08E-12
U-236 3.77E-09 4.37E-09 5.47E-09 2.31E-12 1.73E-11
Np-237 3.98E-09 4.62E-09 5.78E-09 2.43E-12 1.83E-11
U-238 3.94E-08 4.57E-08 5.71E-08 2.41E-11 1.81E-10
Pu-238 3.75E-05 4.36E-05 5.45E-05 2.30E-08 1.72E-07
Pu-239 1.36E-04 1.58E-04 1.97E-04 8.32E-08 6.24E-07
Pu-240 7.58E-05 8.79E-05 1.10E-04 4.64E-08 3.48E-07
Pu-241 4.12E-03 4.78E-03 5.98E-03 2.52E-06 1.89E-05
Pu-242 3.39E-08 3.94E-08 4.92E-08 2.08E-11 1.56E-10
Pu-244 1.13E-16 1.31E-16 1.64E-16 6.89E-20 5.17E-19
Am-241 2.92E-04 3.39E-04 4.24E-04 1.79E-07 1.34E-06
Am-243 4.93E-08 5.72E-08 7.16E-08 3.02E-11 2.26E-10
Cm-243 6.78E-08 7.87E-08 9.84E-08 4.15E-11 3.11E-10
Cm-244 8.11E-07 9.41E-07 1.18E-06 4.96E-10 3.72E-09
Cm-245 2.85E-11 3.31E-11 4.14E-11 1.75E-14 1.31E-13
Cm-246 2.02E-12 2.34E-12 2.93E-12 1.23E-15 9.26E-15
Cm-247 1.10E-18 1.28E-18 1.60E-18 6.73E-22 5.04E-21
Cm-248 5.51E-19 6.39E-19 8.00E-19 3.37E-22 2.53E-21
Total 3.17E-01 3.68E-01 4.60E-01 1.94E-04 1.45E-03
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Outer Shield | Outer Shield Upper Neutron Upper Neutron Upper Neutron
4th Row 5th Row Shield Shield Shield
Component Graphite Graphite 1st Row Graphite | 2nd Row Graphite 3rd Row Graphite
Volume (cm®) 2.96E+06 3.30E+06 4.58E+04 4.58E+04 4.58E+04
Mass (g) 4.74E+06 5.28E+06 7.33E+04 7.33E+04 7.33E+04
Ni-63 Specific
Activity (Ci/g) 3.21E-14 3.41E-14 2.43E-11 9.74E-12 2.43E-12
Activity Activity Activity Activity Activity
Radionuclide (Ci) (Ci) (Ci) (Ci) (Ci)
H-3 8.74E-09 1.03E-08 1.02E-07 4.10E-08 1.02E-08
Be-10 5.55E-09 6.57E-09 6.51E-08 2.60E-08 6.51E-09
C-14 1.03E-06 1.22E-06 1.21E-05 4.83E-06 1.21E-06
CI-36 1.00E-08 1.18E-08 1.17E-07 4.69E-08 1.17E-08
Mn-54 1.17E-12 1.39E-12 1.37E-11 5.49E-12 1.37E-12
Ni-59 1.24E-09 1.47E-09 1.46E-08 5.83E-09 1.46E-09
Co-60 8.03E-06 9.50E-06 9.42E-05 3.77E-05 9.42E-06
Ni-63 1.52E-07 1.80E-07 1.78E-06 7.14E-07 1.78E-07
Zn-65 9.38E-14 1.11E-13 1.10E-12 4.40E-13 1.10E-13
Sr-90 5.41E-08 6.40E-08 6.35E-07 2.54E-07 6.35E-08
Nb-94 5.79E-09 6.85E-09 6.79E-08 2.72E-08 6.79E-09
Tc-99 4.00E-12 4.73E-12 4.69E-11 1.88E-11 4.69E-12
Ru-106 1.07E-11 1.26E-11 1.25E-10 5.00E-11 1.25E-11
Ag-108m 7.61E-08 9.00E-08 8.92E-07 3.57E-07 8.92E-08
Ag-110m 7.43E-13 8.78E-13 8.71E-12 3.48E-12 8.71E-13
Sb-125 4.46E-09 5.28E-09 5.23E-08 2.09E-08 5.23E-09
1-129 7.45E-14 8.81E-14 8.74E-13 3.50E-13 8.74E-14
Cs-134 4.87E-07 5.77E-07 5.72E-06 2.29E-06 5.72E-07
Cs-137 1.15E-07 1.36E-07 1.34E-06 5.38E-07 1.34E-07
Ce-144 5.21E-13 6.16E-13 6.11E-12 2.44E-12 6.11E-13
Eu-152 8.71E-07 1.03E-06 1.02E-05 4.08E-06 1.02E-06
Eu-154 2.58E-06 3.05E-06 3.02E-05 1.21E-05 3.02E-06
Pb-210 1.22E-17 1.44E-17 1.43E-16 5.72E-17 1.43E-17
Ra-226 1.67E-17 1.98E-17 1.96E-16 7.84E-17 1.96E-17
Ac-227 2.86E-13 3.38E-13 3.35E-12 1.34E-12 3.35E-13
Th-228 1.11E-08 1.32E-08 1.31E-07 5.22E-08 1.31E-08
Th-229 2.17E-13 2.56E-13 2.54E-12 1.02E-12 2.54E-13
Th-230 1.38E-15 1.63E-15 1.62E-14 6.47E-15 1.62E-15
Pa-231 2.01E-13 2.38E-13 2.36E-12 9.43E-13 2.36E-13
Th-232 5.13E-14 6.06E-14 6.01E-13 2.41E-13 6.01E-14
U-232 9.25E-12 1.09E-11 1.09E-10 4.34E-11 1.09E-11
U-233 5.20E-11 6.15E-11 6.10E-10 2.44E-10 6.10E-11
U-234 2.61E-12 3.09E-12 3.06E-11 1.23E-11 3.06E-12
U-235 4.77E-14 5.64E-14 5.59E-13 2.24E-13 5.59E-14
U-236 1.62E-13 1.92E-13 1.90E-12 7.61E-13 1.90E-13
Np-237 1.71E-13 2.03E-13 2.01E-12 8.03E-13 2.01E-13
U-238 1.69E-12 2.00E-12 1.99E-11 7.95E-12 1.99E-12
Pu-238 1.61E-09 1.91E-09 1.89E-08 7.57E-09 1.89E-09
Pu-239 5.85E-09 6.92E-09 6.86E-08 2.74E-08 6.86E-09
Pu-240 3.26E-09 3.86E-09 3.82E-08 1.53E-08 3.82E-09
Pu-241 1.77E-07 2.10E-07 2.08E-06 8.31E-07 2.08E-07
Pu-242 1.46E-12 1.73E-12 1.71E-11 6.85E-12 1.71E-12
Pu-244 4.85E-21 5.73E-21 5.68E-20 2.27E-20 5.69E-21
Am-241 1.26E-08 1.49E-08 1.47E-07 5.89E-08 1.47E-08
Am-243 2.12E-12 2.51E-12 2.49E-11 9.95E-12 2.49E-12
Cm-243 2.92E-12 3.45E-12 3.42E-11 1.37E-11 3.42E-12
Cm-244 3.49E-11 4.13E-11 4.09E-10 1.64E-10 4.09E-11
Cm-245 1.23E-15 1.45E-15 1.44E-14 5.76E-15 1.44E-15
Cm-246 8.69E-17 1.03E-16 1.02E-15 4.07E-16 1.02E-16
Cm-247 4.73E-23 5.60E-23 5.55E-22 2.22E-22 5.55E-23
Cm-248 2.37E-23 2.80E-23 2.78E-22 1.11E-22 2.78E-23
Total 1.36E-05 1.61E-05 1.60E-04 6.40E-05 1.60E-05
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Upper Neutron Upper Neutron Upper Neutron
Shield Shield Shield
Component 4th Row Graphite 5th Row Graphite 6th Row Graphite
Volume (cm®) 4.58E+04 4.58E+04 4.58E+04
Mass (g9) 7.33E+04 7.33E+04 7.33E+04
Ni-63 Specific
Activity (Ci/g) 7.79E-13 1.46E-13 3.89E-14
Activity Activity Activity
Radionuclide (Ci) (Ci) (Ci)
H-3 3.28E-09 6.15E-10 1.64E-10
Be-10 2.08E-09 3.91E-10 1.04E-10
C-14 3.86E-07 7.25E-08 1.93E-08
CI-36 3.75E-09 7.04E-10 1.88E-10
Mn-54 4.40E-13 8.24E-14 2.20E-14
Ni-59 4.67E-10 8.75E-11 2.33E-11
Co-60 3.01E-06 5.65E-07 1.51E-07
Ni-63 5.71E-08 1.07E-08 2.85E-09
Zn-65 3.52E-14 6.60E-15 1.76E-15
Sr-90 2.03E-08 3.81E-09 1.02E-09
Nb-94 2.17E-09 4.07E-10 1.09E-10
Tc-99 1.50E-12 2.82E-13 7.51E-14
Ru-106 4.00E-12 7.50E-13 2.00E-13
Ag-108m 2.86E-08 5.35E-09 1.43E-09
Ag-110m 2.79E-13 5.23E-14 1.39E-14
Sb-125 1.67E-09 3.14E-10 8.37E-11
1-129 2.80E-14 5.24E-15 1.40E-15
Cs-134 1.83E-07 3.43E-08 9.14E-09
Cs-137 4.30E-08 8.07E-09 2.15E-09
Ce-144 1.96E-13 3.67E-14 9.78E-15
Eu-152 3.27E-07 6.13E-08 1.63E-08
Eu-154 9.66E-07 1.81E-07 4.83E-08
Pb-210 4.58E-18 8.58E-19 2.29E-19
Ra-226 6.28E-18 1.18E-18 3.14E-19
Ac-227 1.07E-13 2.01E-14 5.36E-15
Th-228 4.18E-09 7.84E-10 2.09E-10
Th-229 8.13E-14 1.52E-14 4.07E-15
Th-230 5.17E-16 9.70E-17 2.59E-17
Pa-231 7.54E-14 1.41E-14 3.77E-15
Th-232 1.92E-14 3.61E-15 9.62E-16
U-232 3.47E-12 6.51E-13 1.74E-13
U-233 1.95E-11 3.66E-12 9.76E-13
U-234 9.81E-13 1.84E-13 4.90E-14
U-235 1.79E-14 3.35E-15 8.94E-16
U-236 6.09E-14 1.14E-14 3.04E-15
Np-237 6.42E-14 1.20E-14 3.21E-15
U-238 6.36E-13 1.19E-13 3.18E-14
Pu-238 6.06E-10 1.14E-10 3.03E-11
Pu-239 2.20E-09 4.12E-10 1.10E-10
Pu-240 1.22E-09 2.29E-10 6.12E-11
Pu-241 6.65E-08 1.25E-08 3.33E-09
Pu-242 5.48E-13 1.03E-13 2.74E-14
Pu-244 1.82E-21 3.41E-22 9.10E-23
Am-241 4.71E-09 8.84E-10 2.36E-10
Am-243 7.96E-13 1.49E-13 3.98E-14
Cm-243 1.09E-12 2.05E-13 5.47E-14
Cm-244 1.31E-11 2.45E-12 6.55E-13
Cm-245 4.61E-16 8.64E-17 2.30E-17
Cm-246 3.26E-17 6.11E-18 1.63E-18
Cm-247 1.78E-23 3.33E-24 8.88E-25
Cm-248 8.89E-24 1.67E-24 4.45E-25
Total 5.12E-06 9.60E-07 2.56E-07
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Stellite Activity

The reactor vessel cover contains 12 Stellite-6 guide tubes that accommodated the 12 control
rod drive shafts. While cobalt accounts for only ~0.17 % wt of the 304 SS alloy, as shown in
Table 6, Co-60 accounts for ~43% of the decayed source term for the reactor stainless steel
components. In Stellite-6, cobalt accounts for 59% of the alloy weight (Reference 16). Other
materials forming the alloy are similar to those used in 304 SS including the following: carbon
(1.2% wt), chromium (30% wt), iron (1% wt), nickel (1% wt), silicon (1.2% wt), tungsten (5%
wt) and other elements (1.5% wt).

Since cobalt accounts for such a large percentage of the decayed source term in 304 SS and
because there such a large percentage of cobalt in Stellite-6, Co-60, in addition to Ni-63, are the
only radionuclides of significance in the Satellite-6 component source term. The methodology
used to calculate the source term associated with the Stellite components was similar to that used
for the activated 304 SS components with the following exceptions:

e The quantity of Ni-62 per gram of Stellite is 3.79E-04 g/g, calculated using the 1%
wt nickel in Stellite and 3.79% Ni-62 in nickel, or 3.68E+18 atoms of Ni-62 per gram
of Stellite.

o The results of the Ni-63 calculations for the satellite components are presented in
Attachment C. The decayed Ni-63 specific activity in Stellite is 1.32E-08 Ci/g.

e Once the Ni-63 specific activity was determined, the Co-60 specific activity was
calculated by multiplying the Ni-63 specific activity by the Co-60 normalized to Ni-
63 value from Table 5 (0.943) and by the ratio of the initial concentration of Co-59 in
Stellite and in 304 SS (0.59/.0017 = 347).

e The decayed Co-60 specific activity in Stellite is then 4.31E-06 Ci/g

e The source term for the Stellite components was then calculated by multiplying the
Ni-63 and Co-60 specific activity values presented above by the components mass.
The mass values were calculated from the data provided in Reference 1 and the
engineering drawings of the tubes.

e The results of these calculations are presented in Table 9.

Table 9. EBR-II Stellite Component Activation Activity

Component Stellite Guide Tubes
Volume (cm3) 1.72E+04
Mass (g) 1.45E+05
Ni-63 Specific
Activity (Ci/g) 1.32E-08
Activity
Radionuclide (Ci)
Co-60 6.26E-01
Ni-63 1.91E-03
Total 6.28E-01




441.A16 RADCON TECHNICAL BASIS TBL-194

10/20/2008 Rev. 01
Rev. 0 TECHNICAL BASELINE (TBL) Page 54 of 151

(Use with MCP-6)
Activation Activity Outside The Reactor Structure

During the analysis of the activation activity associated with the materials forming the ETR,
MTR, and PBF reactors it was determined that, due to the attenuation of the thermal neutron flux,
the activation activity associated with materials located a distance greater than about 1 meter from
the core had an insignificant source term when compared to materials located within this 1 meter
region (References 13, 14 and 27). As shown in Figure 19, the thermal neutron flux that had
entered the inner wall of the EBR-II reactor vessel was ~ 6 orders of magnitude greater than that
exiting the outer row of the neutron shield. Above the core, Figure 21 shows the neutron flux at
the components located on the bottom of the reactor cover is ~5 orders of magnitude greater than
the flux escaping the top of the reactor cover and that this flux is at negligible levels by the time it
reaches the primary tank cover. The flux values shown in Figure 22 for the below core
components are ~4 orders of magnitude greater entering the inlet plenum than entering the below-
reactor support structure.

To confirm that the activation activity associated with components outside of the reactor
neutron shield is insignificant compared to that calculated for the reactor, the following analysis
was performed:

e The only flux values presented in the analysis of the EBR-II shield design (Reference
11) were those directly perpendicular to the core at the core height (radial flux) or
along the core vertical centerline (axial flux). The neutron flux through any angle
between these extreme values would travel a greater distance through the neutron
shield and the sodium coolant and thus lower the magnitude of the flux reaching
distant components such as the upper surface of the primary tank. For the purposes
of this analysis, the maximum radial and axial flux values are used and are
conservatively assumed to act over the entire component. Since these very
conservative component flux values were used, the resulting source terms were only
used for comparison to the reactor vessel activity and were not included in the total
facility source term.

e The source terms associated with the inner and outer primary tanks were determined
using the same methodology as other stainless steel components documented
previously. A thermal neutron flux value of 1.1E05 n/cm’-s was used for the walls of
the tanks and 1E07 n/cm’-s was used for the tank floors. The resulting source term
for the inner primary tank was calculated to be only 0.0028% of that of the reactor
and the outer primary tank 0.0015%.

e Other primary system components (pumps, IHX, the majority of the system piping)
are located high and near the periphery of the inner tank (in a relatively low flux
location). Additionally, the piping and heat exchanger tubing are thin walled and the
pump sections of the primary pump are relatively small (in comparison to the primary
tank) Since the total source term of these component is determined by multiplying
the calculated specific activity (Ci/g) by the mass of the component, a smaller mass
results in a smaller source term. Based on this discussion, the source term associated
with these components would be less than that of the primary tanks and thus is
insignificant compared to that of the reactor.

e The activity of the carbon steel components (tank steel wool insulation, air baffle,
and blast shield plates was calculated using the stainless steel methodology with a
beginning of life Ni-62 concentration of 2.33E-04 g of Ni-62 per gram of carbon steel
(Reference 13). Thermal neutron flux values used in the calculations were as follow:
insulation walls = 1E+06 n/cm’-s, insulation floor = 5E+06 n/cm’-s, air baffle wall =



‘113/12-/8/12% 06 RADCON TECHNICAL BASIS TEL_I?)T
ev.
Rew. 0 TECHNICAL BASELINE (TBL) Page 55 of 151

(Use with MCP-6)

9E+05 n/cm’-s, air baffle floor = 4E+06 n/cm’-s, blast shield steel = 9E+05 n/cm’-s.
The Ni-63 scaling factors used in the source term calculation were based on the PWR
pressure vessel wall (also carbon steel) documented in NUREG-CR-3474. These
scaling factors are presented in Table 10. The total activity of all these carbon steel
components was only 0.0001% of that of the reactor materials.

Table 10. Carbon Steel Ni-63 Normalized Values.

Pressure PWR Vessel
Vessel. Decayed Ni-63
Specific Activity | Specific Activity Normalized
Radionuclide (Cilg) (Cilg) Values
H-3 1.30E-05 5.59E-06 1.09E-03
C-14 7.30E-06 7.29E-06 1.42E-03
CI-36 1.60E-07 1.60E-07 3.11E-05
Ar-39 1.90E-08 1.83E-08 3.56E-06
Ca-41 1.40E-09 1.40E-09 2.72E-07
Mn-53 4.60E-10 4.60E-10 8.95E-08
Mn-54 8.30E-04 4.31E-09 8.40E-07
Fe-55 5.90E-02 1.31E-03 2.55E-01
Ni-59 4.30E-05 4.30E-05 8.37E-03
Co-60 3.20E-02 4.45E-03 8.66E-01
Ni-63 5.70E-03 5.14E-03 1.00E+00
Zn-65 1.10E-04 1.91E-11 3.72E-09
Se-79 1.00E-10 1.00E-10 1.95E-08
Nb-92m 4.50E-14 4.50E-14 8.76E-12
Zr-93 1.00E-11 1.00E-11 1.95E-09
Mo-93 7.70E-08 7.68E-08 1.49E-05
Nb-94 6.31E-08 6.31E-08 1.23E-05
Tc-99 1.50E-08 1.50E-08 2.92E-06
Sm-146 2.90E-17 2.90E-17 5.65E-15
Sm-151 3.80E-09 3.39E-09 6.59E-07
Eu-152 2.20E-14 1.02E-14 1.98E-12
Eu-154 9.10E-07 2.71E-07 5.28E-05
Eu-155 3.60E-07 4.05E-08 7.89E-06
Tbh-158 3.80E-10 3.59E-10 6.98E-08
Ho-166m 2.80E-08 2.78E-08 5.40E-06
Pb-205 2.90E-13 2.90E-13 5.65E-11

e A previous analysis of the activation activity associated with vermiculite concrete
could not be located (vermiculite is not a common material in nuclear reactor
construction). The estimated the activation activity of the vermiculite layer of
the blast shield was thus determined as follows: 1) The elemental makeup
vermiculite concrete was determined from the average vermiculite formula
presented previously and the assumption that the concrete contains 1/5 the
volume of ordinary concrete. This makeup is presented in Table 11; 2) This
makeup was then compared with the makeup of ordinary concrete (obtained from
NUREG CR-3474 which was based on the analysis of several samples of
biological shield concrete from several reactor plants) to determine if vermiculite
concrete contained any higher concentrations of significant activation product
precursors; 3) Since vermiculite concrete contained no significantly higher
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concentrations of these precursors, it was assumed that the relative ratios of the
radionuclide activation activity values is the same for vermiculite concrete as
ordinary concrete; 4) NUREG CR-3473 contains the specific activity values for
ordinary biological shield concrete for a PWR. These values were decayed 15
years and then normalized to the Ni-63 specific activity. These Ni-63 ratio
values are presented in Table 12; 4) The 2009 Ni-63 specific activity of the
vermiculite concrete was determined using a beginning of life Ni-62
concentration of 1.44E-06 grams of Ni-62 per gram of concrete (Reference 12), a
thermal neutron flux of 9E+05 n/cm’-s, and the same methodology that was used
for stainless steel components; 5) The source term associated with the
vermiculite concrete was then determined using the calculated Ni-63 specific
activity, the Ni-63 ratios presented in Table 12, and the calculated mass (using a
density value of 0.4 g/cm’) of this layer of the blast shield. The calculated source
term for this layer was only 0.014% that of the activation activity associated with
the reactor vessel.

e The composition of the aerated concrete was assumed to be the same as ordinary
concrete. The source term associated with this layer of the blast shield was
determined by the same methodology and the same neutron flux value as the
vermiculite concrete layer. In determining the source term, a density value of 0.8
g/cm’ was assumed. The calculated source term for this layer was only 0.03% of
that calculated for the reactor vessel.

e As with vermiculite, a previous activation activity analysis could not be located
for celotex (celotex is also not common in nuclear reactor construction). The
methodology used to estimate the source term associated with the celotex layer of
the blast shield was similar to that of the vermiculite layer. The elemental
makeup of celotex and its impurities (obtained from Reference 26) was compared
with ordinary concrete and it was found that only the elements carbon, chlorine,
fluorine, and magnesium had significantly higher concentrations in celotex than
ordinary concrete. The activation of carbon results in the formation of one long
lived activation product C-14 (t;, = 5736 years). In the activation of carbon, C-
13 (isotopic abundance = ~1.11%) absorbs a thermal neutron (cross-section =
0.001 barns, Reference 15) to form C-14. C-14 is also formed from the
activation of N-14 (n,p, cross-section = 0.002 barns) and O-17 (n,a, cross-section
= 0.235 barns). The specific activity of C-14 due to the activation of C-13 in
celotex was calculated with the following input parameters: flux = 9E+05 n/cm’-
s, beginning of life C-13 in celotex = 5.23E-3 g C-13 per gram celotex, cross-
section = 0.001 barns, and the same power history used for other reactor plant
components. The calculated C-14 specific activity was only ~2.5% of the
calculated concrete Ni-63 specific activity for the same neutron flux level and, as
determined from the Table 12 specific activity values, Ni-63 accounts for only
0.07% of the total concrete activity. For these reasons, the added activity of C-14
due to C-13 activation is neglected. The activation of chlorine results in one long
lived activation product CI-36 (t;, = 3e+05 years). In the activation of chlorine,
CI-35 (isotopic abundance = 75.77%) absorbs a thermal neutron (cross section =
43.6 barns, Reference 15) to form CI-36. As shown in Table 11, the
concentration of chlorine is approximately 20 times higher in celotex than it is in
concrete. If the Cl-36 specific activity value shown in Table 12 increased by a
factor of 20 it would still be insignificant compared to the more abundant
radionuclides in activated concrete thus the added C1-36 activity is neglected.
Fluorine and magnesium have no long-lived activation products. It was thus
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conservatively assumed that the radionuclides in activated celotex are the same
as those in activated biological shield concrete and in the same relative
concentrations. The total calculated source term associated with this layer was
only 0.0064% of the reactor source term.

Since the thermal neutron flux decreases so rapidly in the ordinary concrete
biological shield, the source term for this shield was determined by dividing the
shield into nine 20 c¢m thick sections, determining the source term for each
section using the same methodology that was used for the vermiculite concrete
and a concrete density of 1.6 g/cm’, and summing the results. For each section,
the Ni-63 specific activity was calculated using the flux at the approximate
midpoint of the section. Flux values used were as follows:

o 0-20cm - 5E+05 n/cm?
o 20-40cm - 2E+05n/cm’
o 40-60cm - 5E+04 n/cm’
o 60-80cm - 1E+04 n/cm’
o 80-100cm - 3E+03 n/cm?
o 100—120cm- 7E+02 n/cm’
o 120-140cm- 2E+02 n/cm’

o 140-160cm- 4E+01 n/cm?
o 160cmout - 10n/cm?

The total calculated source term for the biological shield was 0.00031% of the
activation source term of the reactor.

Table 11. Blast & Biological Shield Elemental Makeup

Ordinary Vermiculite
Material Concrete Celotex Concrete
Maijor Elements ug/g (ug/g) (ug/g)
Ag 0.20 0.04
Al 31000.00 5540.00 84673.13
As 7.90 0.26 1.58
B 20.00 10.60 4.00
Ba 950.00 11.30 190.00
Br 2.40 0.48
C - 439569.64 -
Ca 183000.00 880.00 36600.00
Cd 0.30 0.06
Ce 24.30 1.49 4.86
Cl 45.00 960.00 9.00
Co 9.80 0.12 1.96
Cr 109.00 2.03 21.80
Cs 1.30 0.26
Cu 25.00 4.22 5.00
Dy 2.30 0.46
Eu 0.55 0.11




441.A16
10/20/2008
Rev. 0

(Use with MCP-6)

RADCON TECHNICAL BASIS

TECHNICAL BASELINE (TBL)

Table 11. Continued

TBL-194
Rev. 01
Page 58 of 151

Ordinary Vermiculite
Material Concrete Celotex Concrete
Major Elements ug/g (ug/g) (ug/g)
F 50.00 0.00
Fe 39000.00 305.00 7800.00
Ga 8.80 0.75 1.76
H 66673.77 61051.34 36786.70
Hf 2.20 0.44
Ho 0.90 0.18
K 7500.00 450.00 1500.00
La 13.00 0.69 2.60
Li 20.00 0.29 4.00
Lu 0.27 0.05
Mg - 210.00 155515.10
Mn 377.00 9.94 75.40
Mo 10.30 0.43 2.06
N 120.00 24.00
Na 7390.00 896.00 1478.00
Nb 4.30 0.86
Ni 38.00 9.08 7.60
O 484590.14 489476.71 659773.28
P 5000.00 1000.00
Pb 61.00 1.03 12.20
Pd 3.00 0.60
Rb 35.00 7.00
S 3100.00 533.00 620.00
Sb 1.80 0.36
Sc 6.50 1.30
Se 0.92 0.18
Si 168000.00 213304.56
Sm 2.00 0.40
Sn 7.00 1.40
Sr 438.00 87.60
Ta 0.44 0.09
Tb 0.41 0.08
Th 3.50 0.29 0.70
Ti 2121.00 11.00 424.20
2.70 0.12 0.54
Vv 103.00 1.15 20.60
w 1.40 0.28
Y 18.20 0.43 3.64
Yb 1.40 0.28
Zn 75.00 11.60 15.00
Zr 71.00 0.58 14.20
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Table 12. PWR Biological Shield Concrete Ni-63 Normalized Values

Bioshield
PWR Bioshield Decayed Ni-63
Specific Activity | Specific Activity Normalized
Radionuclide (Cilg) (Cilg) Values
H-3 4.40E-06 1.89E-06 1.24E+03
C-14 1.50E-09 1.50E-09 9.77E-01
Cl-36 7.90E-11 7.90E-11 5.16E-02
Ar-39 3.10E-09 2.98E-09 1.95E+00
Ca-41 1.00E-08 1.00E-08 6.53E+00
Mn-53 1.90E-15 1.90E-15 1.24E-06
Mn-54 3.10E-09 1.61E-14 1.05E-05
Fe-55 2.50E-06 5.55E-08 3.62E+01
Ni-59 1.40E-11 1.40E-11 9.14E-03
Co-60 1.70E-07 2.36E-08 1.54E+01
Ni-63 1.70E-09 1.53E-09 1.00E+00
Zn-65 1.20E-08 2.09E-15 1.36E-06
Se-79 1.40E-15 1.40E-15 9.14E-07
Sr-90 3.80E-11 2.66E-11 1.73E-02
Nb-92m 1.90E-19 1.90E-19 1.24E-10
Zr-93 1.30E-14 1.30E-14 8.48E-06
Mo-93 1.40E-13 1.40E-13 9.11E-05
Nb-94 2.00E-12 2.00E-12 1.30E-03
Tc-99 3.70E-14 3.70E-14 2.41E-05
1-129 1.20E-17 1.20E-17 7.83E-09
Ba-133 1.00E-09 3.54E-10 2.31E-01
Cs-134 8.70E-09 6.16E-11 4.02E-02
Cs-135 7.50E-16 7.50E-16 4.90E-07
Cs-137 4.00E-11 2.83E-11 1.85E-02
Pm-145 5.20E-12 2.92E-12 1.90E-03
Sm-146 4.40E-20 4.40E-20 2.87E-11
Sm-151 6.10E-10 5.43E-10 3.55E-01
Eu-152 2.10E-07 9.72E-08 6.35E+01
Eu-154 2.00E-08 5.96E-09 3.89E+00
Eu-155 5.00E-10 5.63E-11 3.67E-02
Tbh-158 2.50E-14 2.36E-14 1.54E-05
Ho-166m 1.30E-11 1.29E-11 8.41E-03
Hf-178m 5.30E-11 3.75E-11 2.45E-02
Pb-205 1.20E-16 1.20E-16 7.83E-08
U-233 5.70E-13 5.70E-13 3.72E-04
Pu-239 3.70E-12 3.70E-12 2.41E-03
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The following methodology was used to calculate the source term values associated with the
test facility extension tubes stored within the pentagon area of MFC-767:

The actual irradiation history of these tubes is unknown. Each of these tubes was

used for one experiment then cut from the experiment and stored in the shielded
pentagon area. The dose rate associated with these tubes is also unknown. The

irradiated ends of these tubes are currently located in an area where surveys are not

possible.

Based on the use of these tubes, it is conservatively assumed that the activation

activity associated with these tubes is the same as the control rod drive rod presented

in Table 2.

Since there are 8 of these tubes, the Table 2 values were multiplied by 8.
The source term results associated with these tubes is presented in Table 13.

Table 13. Test Facility Extension Tube Source Term

Test Facility
Extension Tube (8)

Radionuclide Activity (Ci)
C-14 7.55E-02
CI-36 3.88E-05
Co-60 5.98E+02
Ni-59 3.80E-01
Ni-63 2.52E+01
Nb-94 1.22E-02
Tc-99 3.17E-02
Total 6.24E+02
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5.4 WIDE RANGE & DELAYED NEUTRON DETECTOR
SOURCE TERM

The source term associated with the wide range and delayed neutron detectors was
determined in preparation to down grade the facility from a reactor facility to a less than
HAZCAT-III facility. The facility source term associated with this down grade is presented in
F0000-0170-AK (Reference 8), Reclassify EBR-II reactor from a Category 1 Nuclear Facility to
a Non-Nuclear(radiological) Low Hazard Facility. Included in this document was an Intra-
Laboratory Memo from E. Hylsky to F. L. DiLorenzo dated February 24, 1997 that states there
was a total of 13.71 grams (2.96E-05 Ci) of U-235 associated with the remaining wide range and
delayed neutron detectors.

5.5 PRIMARY SODIUM ACTIVITY

From Table 1, there is an estimated ~300 gal. of primary sodium remaining in the primary
tank and ~100 gal. in primary ancillary equipment (sodium purification system piping, sample
system piping, cover gas cleanup system, etc). INL/EXT-08-14173 (Reference 17), EBR-1]
Primary Tank Wash-Water Alternatives Evaluation, present the results of a primary sodium
sample that was performed in 1994. This sample was analyzed for 25 different radionuclides that
were expected to be present in sodium coolant. The results of this sample and the results decayed
from 1994 to 2009 are presented in Table 14.

Table 14. Primary Sodium Radionuclides

1994 Activity T 2009 Activity
Radionuclide (Cilg) (years) (Cilg)
Ag-110m 3.55E-15 0.684 8.89E-22
Cs-134 2.65E-11 2.062 1.71E-13
Cs-137 1.71E-08 30.17 1.21E-08
H-3 1.10E-07 12.28 4.72E-08
Mn-54 8.28E-15 0.856 4.40E-20
Na-22 2.82E-09 2.602 5.19E-11
Po-210 2.35E-21 0.379 -
Pu-239 3.15E-13 24131 3.15E-13
Sb-125 2.66E-10 2.77 6.23E-12
Sn-113 2.17E-20 0.315 -
Sr-89 2.10E-39 0.138 -
Sr-90 9.42E-11 28.6 6.55E-11

The source term associated with the residual sodium in the primary tank was determined by
multiplying the residual sodium volume shown in Table 1 (300 gal.) by the density of sodium
(0.927 g/cm’) and then multiplying this result by the decayed values presented in Table 14. The
results of these calculations are presented in Table 15.

The same methodology was used for the sodium remaining in the primary ancillary
equipment with the result of the calculations also shown in Table 15.
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Table 15. Primary Sodium Activity

Primary Tank Ancillary Equipment
Sodium Activity Sodium Activity
Radionuclide (Ci) (Ci)
Ag-110m 9.35E-16 3.12E-16
Cs-134 1.80E-07 6.01E-08
Cs-137 1.28E-02 4.25E-03
H-3 4.97E-02 1.66E-02
Mn-54 4.63E-14 1.54E-14
Na-22 5.46E-05 1.82E-05
Pu-239 3.31E-07 1.10E-07
Sb-125 6.56E-06 2.19E-06
Sr-90 6.89E-05 2.30E-05

5.6 NaK ACTIVITY

From Table 1, there is an estimated ~50 gal. of NaK remaining in the shutdown cooler plugs
and ~0.3 gal. of NaK remaining in pressure transmitters. These NaK containing systems were not
sampled so the following methodology was used to estimate the associated source terms:

e Since the NaK was separated from the primary sodium, the NaK would not be
contaminated with the activated impurities in the bulk sodium (Ag-110m, Po-210,
and Sb-125), with the radionuclides associated with fission except H-3 (Cs-134, Cs-
137, and Sr-90), with the radionuclides associated with activation of corrosion
products (Mn-54) nor with the radionuclides associated with fuel (Pu-239).

e [t was thus assumed that the radionuclides contaminating the NaK are Na-22 and H-
3.

e [t was assumed that the specific activity of these two remaining radionuclides is the
same in the NaK as the primary sodium.

e The source term associated with the residual NaK was determined by multiplying the
residual NaK volume shown in Table 1 (50.3 gal.) by the density of NaK (0.87
g/cm’) and then multiplying this result by the decayed H-3 and Na-22 values
presented in Table 14. The results of these calculations are presented in Table 16.

Table 16. NaK Activity

NaK Activity
Radionuclide (Ci)
H-3 7.81E-03
Na-22 8.59E-06
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5.7 IHX (SECONDARY) ACTIVITY

The ternary fission product H-3 readily diffuses through fuel cladding (and other system
boundaries) where most of it was collected in the purification system cold traps. H-3 was present
in all systems from the primary system to the condenser of the steam plant (Reference 18).
During plant operation, the activity of the tritium in the secondary system was ~1/10 of that in the
primary (Reference 8). The secondary sodium system was operated at a higher pressure than the
primary sodium passing thru the IHX, any leakage would be from the secondary to the primary.
In determining the source term associated with the secondary sodium, it is assumed that H-3 is
the only radionuclide making a significant contribution to the IHX sodium activity. The H-3
activity in the secondary sodium in the IHX was determined by multiplying the sodium volume
presented in Table 1 (40 gal) by the density of sodium then multiplying this result by 1/10 the
delayed H-3 value shown in Table 11. The results of this calculation are presented in Table 17.

Table 17. IHX Secondary Sodium Activity

IHX Sodium
Activity
Radionuclide (Ci)
H-3 6.14E-04

5.8 PRIMARY SYSTEM SURFACE CONTAMINATION ACTIVITY

Following the carbonation process of primary system residual sodium in 2005, the primary
system was, and still is, maintained under a blanket of dry carbon dioxide. Surfaces inside of the
primary tank are currently inaccessible for survey. Very few of the components forming the
primary system that were exposed to primary sodium have been removed for maintenance and
surveyed for surface contamination. However, over the operating history of EBR-II, both
primary pumps have been removed from the primary tank, cleaned, surveyed, rebuilt, and
returned to service. The following information concerning dose rates and radionuclide data
associated with this pump maintenance was obtained from CONF-860311-1 (Reference 18), The
Impact of Radionuclides on Maintenance of Experimental Breeder Reactor II.

e Pump No. | was rebuilt in 1971 and showed a peak gamma dose rate of 150 mR/hr at
~ 1 ft with no unusual beta activity.

e Pump No. 2 was rebuilt in 1982 and showed a peak gamma dose rate of 500 mR/hr
and a combined beta/gamma dose rate of 10 R/hr at ~ 1 ft.

e The predominate radionuclide contributing to the pump No. 2 gamma surface dose
rate was Mn-54. The radioactivity due to other gamma emitting radionuclides
(primarily Cr-51, Co-58, Co-60 and Ta-182) though sometimes detectable, was of
little consequence compared to that from Mn-54. While the activity of Mn-54 in the
bulk primary sodium is relatively low, manganese apparently had a very low but
finite solubility in sodium. It transported throughout the primary system and
deposited on piping and component surfaces.

e The predominate radionuclide contributing to the pump No. 2 beta surface dose rate
was Sr-90. Nearly all of the run-beyond-cladding-breach experiments were
conducted after 1975 (after pump No. 1 was rebuilt) and these experiments
contributed to the high Sr-90 activity on pump No. 2. The solubility of strontium in
sodium is very low and strontium is not expected to transport readily from breached
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fuel. The precursors of Sr-90 in the fission product decay chain are Rb-90, Kr-90,
and Br-90 all with short half lives and all are readily transported by sodium. It was
thus theorized that these soluble fission products were transported from the exposed
fuel to the bulk sodium, then decayed to Sr-90 which deposited on component
surfaces.

The elevated dose rates on pump No. 2 were at the center (low pressure area) of the pump
impeller and the dose rates on other pump components were significantly lower (Reference 9).
Sr-90 was also found to collect on surfaces that were at a lower temperature than the bulk sodium
(Reference 9).

Lacking any other survey data, the source term associated with primary system surface
contamination was determined using the following methodology and assumptions:

e Based on the discussion above, Sr-90 and Mn-54 are the only radionuclides assumed
to make a significant contribution to the primary surface contamination source term.

e The surfaces that were at a significantly lower pressure or temperature than the bulk
sodium are the centers of the No. 1 and No. 2 primary pump impellers, the heat
transfer surface area of the IHX, and the heat transfer surface area of the shut down
cooler plugs. These are the only surfaces that are assumed to contain contamination
at high enough levels to make a significant contribution to the surface source term.

e The diameter of discharge line from the primary pumps is 12 in. therefore the
assumed contaminated surface area of the center of each pump impeller is assumed to
be equivalent to a 6 in diameter disk or 182.4 cm”’.

e The heat transfer surface area of the IHX is 4800 sq. ft (4.46E06 cm®) and the heat
transfer surface area of each shutdown cooler plug is 2.16E04 cm®.

e The gamma surface activity level (Ci/cm”) of Mn-54 was determined using
MicroShield (Reference 19) with the following input data:

o The impeller contaminated surface area was modeled as a disk of 6 in.
diameter.

o The dose rate on the pump No. 1 impeller was 150 mR/hr in 1971.
Assuming that the pump No. 2 impeller had a similar dose rate in 1971, then
the dose rate due to the continued deposition of Mn-54 increased ~ 31.8
mR/hr/year to give the 500 mR/hr dose rate in 1982. Assuming this rate of
dose rate increase continued until reactor shutdown in 1994, the impeller
dose rate in 1994 was 882 mR/hr. This is the dose rate used in the
MicroShield model.

o The MicroShield output is presented in Attachment D

e In 1971 the beta dose rate on pump No. 1 was negligible. In 1975 run-beyond-
cladding-breach experiments were started and the beta dose rates increased to ~10
Rad/hr over the next seven years. This gives an average increase of 1.43 Rad/hr/year.
Assuming this rate of dose rate increase continued until reactor shutdown in 1994,
the impeller beta dose rate in 1994 was ~27 Rad/hr.

e The beta surface activity levels (Ci/cm?) of Sr-90 and of its short lived, secular
equilibrium daughter, Y-90, where determined using the following equation from
Reference 20:
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D,(mR/hr)=13x10"xC,x Exe ' xe ™" x pu Equation 6
Where:

C. = Surface activity level (uCi/cm?). Since Sr-90 decays 100% of the
time to Y-90 and since these radionuclides are in secular
equilibrium, the C, values for Sr-90 and Y-90 are equal

E = Average beta energy (MeV)

d = “Distance”(g/cm?) determined by multiplying the perpendicular
distance above surface to the detector by the density of air
(1.2929E-03 g/cm’)

Mpa = Beta-ray absorption coefficient for air

Mp: = Beta-ray absorption coefficient for tissue which is equivalent to that

of the beta window on the survey instrument

The beta-ray absorption coefficients for air and tissue are determined using the
following equations:

U, (air)=16(E, —0.036) " (cm” / g) Equation 7
And
U, (tissue) =18.6(E, —0.036) " (cm’ / g) Equation 8
Where:

En, = Maximum beta energy

By trial and error, the contamination levels were adjusted until a 27 R/hr dose rate
was obtained. The results of the calculations and input values used are presented in

Table 18.
Table 18. Beta Surface Activity Levels in 1994
Ca En E B Dose Rate
Radionuclide uCi/cm? (MeV) (MeV) Up t Up.a (mrad/hr)
Sr-90 3.56E+00 0.546 0.1958 4.68E+01 | 4.11E+01 6.21E+03
Y-90 3.56E+00 2.2839 0.9348 6.13E+00 | 5.15E+00 2.08E+04
Total = 2.70E+04

e Once the surface activity levels for Mn-54 and Sr-90 were determined for 1994, they
were decayed to 2009.

e The surface contamination source term for each component was then calculated by
multiplying the decayed surface activity level by the contaminated surface area. The
results of these calculations are presented in Table 19.

Table 19. Primary System Surface Contamination Source Term

1994 2009 Pump Shutdown
Surface Surface Impeller IHX Cooler
Activit¥ Activity Activity Activity Plug Activity Total
Radionuclide (Cilcm?) (Cilg) (Ci) (Ci) (Ci) (Ci)
Mn-54 6.77E-04 3.59E-09 1.31E-06 1.60E-02 1.56E-04 1.62E-02
Sr-90 3.56E-06 2.47E-06 9.02E-04 1.10E+01 1.07E-01 1.11E+01
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5.9 PENTEGON AREA SURFACE CONTAMINATION ACTIVITY

Loose contamination levels inside of the pentagon area are low, <1000 dpm/100 cm® By and
<20 dpm/100 cm” o (Reference 21). Fixed contamination in this area results in an average
general area dose rate of 2.8 mrem/hr. Using this dose rate data, the source term associated with
this fixed contamination was determined using the following methodology:

e Since the elevated dose rates were associated with the floor of the pentagon area, the
floor was modeled in MicroShield as a 6 ft by 6 ft flat surface.

e Since the pentagon area was used for cutting activated 304 SS components, the same
radionuclides in the same relative concentrations (Ni-63 scaling factors) for 304 SS
are assumed to exist in the fixed contamination.

o The activity levels were adjusted, while maintaining the same relative concentrations,
until a 2.8 mrem/hr general area (30 cm) dose rate was obtained. The model output is
the source term for the surface contamination.

e The source term for the pentagon area is presented in Table 20 and the MicroShield
model is presented in Attachment E.

Table 20. Pentagon Area Source Term

304 SS Ni-63 Pentagon Area

Radionuclide Normalized Values (Ci/Ci Ni-63) Floor Source Term (Ci)
H-3 2.92E-03 2.84E-06
C-14 1.35E-03 1.31E-06
Cl-36 2.88E-05 2.80E-08
Ca-41 2.47E-07 2.40E-10
Mn-53 1.42E-07 1.38E-10
Mn-54 1.28E-06 1.25E-09
Fe-55 2.46E-01 2.39E-04
Ni-59 8.83E-03 8.59E-06
Co-60 9.43E-01 9.18E-04
Ni-63 1.00E+00 9.73E-04
Zn-65 3.54E-09 3.44E-12
Se-79 2.47E-08 2.40E-11
Sr-90 5.17E-06 5.03E-09
Nb-92m 4.11E-11 4.00E-14
Zr-93 1.77E-09 1.72E-12
Mo-93 2.25E-05 2.19E-08
Nb-94 1.54E-05 1.50E-08
Tc-99 4.93E-06 4.80E-09
Ag-108m 4.41E-06 4.29E-09
1-129 2.26E-12 2.20E-15
Ba-133 5.44E-05 5.29E-08
Cs-134 3.07E-06 2.99E-09
Cs-135 1.60E-10 1.56E-13
Cs-137 6.12E-06 5.95E-09
Pm-145 3.54E-08 3.44E-11
Sm-151 1.08E-05 1.05E-08
Eu-152 7.23E-04 7.04E-07
Eu-154 7.35E-05 7.15E-08
Eu-155 1.20E-06 1.17E-09
Ho-166m 6.11E-06 5.95E-09
Pb-205 6.99E-11 6.80E-14
U-233 6.99E-08 6.80E-11
Pu-239 1.97E-06 1.92E-09

Total = 2.14E-03
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5.10 DEPLETED URANIUM SOURCE TERM

Per the Safeguards and Security organization at MFC the estimated mass of depleted uranium
(DU) associated with the FUM grippers is 1.783E+04 g and with the INCOT cask 1.21777E+06

g. The activity associated with these DU items was determined using the following values from
Reference 28:

e U-234 -  Wt%=0.0007, SA =6.2E-03 Ci/g;
e U-235 -  Wt%=0.20, SA =2.1E-06 Ci/g;
e U-238 -  Wt%=99.80, SA =3.3E-07 Ci/g.

The results of these calculations are presented in Table 21.

Table 21. DU Activity

FUM INCOT
Component Gripper Cask
Mass (g) 17830 1217770
Activity Activity
Radionuclide (Ci) (Ci)

U-234 7.74E-04 5.29E-02
U-235 7.49E-05 5.11E-03
U-238 5.87E-03 4.01E-01
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6.0 SOURCE TERM VERIFICATION

In an effort to verify if the source term calculated for the activation activity of the reactor
vessel is reasonable, exposure rate measurements were performed inside the primary tank next to
the vessel for use in a comparison of the modeled and measured dose rates. These measurements
were performed on November 5, 2009 by sending a probe and camera into the EBR-II primary
tank through the O2 nozzle (a tube that extends through the primary tank cover into the primary
tank near the reactor vessel). The results of this survey are presented in Figure 24

Figure 24. EBR-II Exposure Rates
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The two exposure rate measurements that were of interest for comparison to the modeled
dose rates were the 233 R/hr measurement near the top of the reactor vessel and the 14.5 R/hr
measurement near the horizontal centerline of the core. The current configuration of the vessel lid
is as shown in Figure 24 with it raised to its upper position thus providing minimal shielding
between the highly radioactive reactor internal components and control rod drive rods to the 233
R/hr dose point.

The first set of MicroShield models were developed to determine the modeled dose rate at the
233 R/hr location shown in Figure 24. Simplified geometry models were created of components
anticipated to create a significant exposure rate at this point. Modeled components include the
following:

Control rod drive rods

Control rod thimbles

14E10 dummy subassembly

Flow baffle & hold down fingers attached to the reactor cover
The remaining components of the reactor cover

The inner shield wall

The 1% row of the inner neutron shield

The 2™ row of the inner neutron shield

The remainder of the neutron shield and reactor outer shell

In the models of the various components, when additional material (i.e. stainless steel or
graphite) existed between the modeled component and the measurement point, this material was
included as shielding in the model and the effective density of this shield determined from the
calculated mass and total calculated volume of the component. The results of the exposure rate
modeling are presented in Table 22 and the MicroShield models in Attachment F.

Table 22. Modeled Exposure Rate at the 233 R/hr Point

Exposure Rate per
Component Total Exposure Rate
at Measurement at Measurement
Component Point (R/hr) Point (R/hr)

Control Rod Drive Rods (8) 15.38 123.04
Thimbles (12) 1.36 16.32

14E10 Dummy 1.214 1.214

Flow Baffle/Fingers 7174 7174

Top Cover 0.278 0.278

Inner Shield Wall 30.76 30.76

Inner Neutron Shield, 1st Row 24.86 24.86
Inner Neutron Shield, 2nd Row 4.547 4.547
Remainder of Neutron Shield/Outer Shell 0.05 0.05
Total (R/hr) = 208

This modeled dose rate was within ~10% of the actual measurement indicating good
agreement between the exposure rate that the calculated source term would produce and the

actual measurement.

The second set of MicroShield models were developed to determine the exposure rate the
calculated reactor source term would produce at the same point where the 14.5 R/hr measurement
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was performed. As with the components modeled for the 233 R/hr exposure point, the
components model were those anticipated to produce a significant exposure rate (based on
activity and relative location) at the 14.5 R/hr location with shielding provided by other installed
components accounted for. These modeled components included the following:

Remaining core/blanket components (drive rods, thimbles, and 14E10 dummy)
Inner shield wall

Inner shield

Thermal Baffle

Reactor shell

Outer shield liner

Rows 1 through 5 of the outer neutron shield

The results of the exposure rate modeling are presented in Table 23 and the MicroShield
models in Attachment G.

Table 23. Modeled Exposure Rate at the 14.5 R/hr Point

Exposure Rate
at Measurement
Component Point (R/hr)

Core/Blanket Components 0.121
Inner Shield Wall 0.069
Inner Shield 0.217
Thermal Baffle 0.879
Reactor Shell 0.597
Outer Shield Liner 0.873
Outer Shield 1st Row 11.93
Outer Shield 2nd Row 0.013
Outer Shield 3rd Row 0.242
Outer Shield 4th Row 0.006
Outer Shield 5th Row 0.017
Total = 14.964

The modeled exposure rate is consistent with the measured value.
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7.0 EBR-Il (MFC-767) TOTAL SOURCE TERM

Table 24. EBR-II (MFC-767) Facility Source Term

Test Facility
Core/Blanket Reactor Vessel Extension Pentagon Area
Activated Metal | Activated metal Tube Activated Neutron Detector | Primary Sodium NaK IHX Secondary | Primary Surface Surface DU Cask &
Source Term Source Term Metal Source Term Source Term Source Term Source Term | Sodium Activity Contamination Contamination Gripper Total
Radionuclide (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) Activity (Ci) Activity (Ci) (Ci) (Ci)
H-3 1.73E+01 6.62E-02 7.81E-03 6.14E-04 2.84E-06 1.74E+01
Be-10 4.67E-04 4.67E-04
C-14 1.87E-01 8.12E+00 7.55E-02 1.31E-06 8.38E+00
Na-22 7.28E-05 8.59E-06 8.14E-05
Cl-36 8.72E-05 1.72E-01 3.88E-05 2.80E-08 1.72E-01
Ca-41 1.46E-03 2.40E-10 1.46E-03
Mn-53 8.41E-04 1.38E-10 8.41E-04
Mn-54 7.60E-03 6.17E-14 1.62E-02 1.25E-09 2.38E-02
Fe-55 1.46E+03 2.39E-04 1.46E+03
Ni-59 8.96E-01 5.24E+01 3.80E-01 8.59E-06 5.37E+01
Co-60 1.23E+03 5.60E+03 5.98E+02 9.18E-04 7.43E+03
Ni-63 5.89E+01 5.93E+03 2.52E+01 9.73E-04 6.02E+03
Zn-65 2.10E-05 3.44E-12 2.10E-05
Se-79 1.46E-04 2.40E-11 1.46E-04
Sr-90 3.53E-02 9.19E-05 1.11E+01 5.03E-09 1.12E+01
Nb-92m 2.44E-07 4.00E-14 2.44E-07
Zr-93 1.05E-05 1.72E-12 1.05E-05
Mo-93 1.34E-01 2.19E-08 1.34E-01
Nb-94 2.85E-02 9.19E-02 1.22E-02 1.50E-08 1.33E-01
Tc-99 7.21E-02 2.93E-02 3.17E-02 4.80E-09 1.33E-01
Ru-106 8.96E-07 8.96E-07
Ag-108m 3.26E-02 4.29E-09 3.26E-02
Ag-110m 6.25E-08 1.25E-15 6.25E-08
Sn-121m 1.06E-03 1.06E-03
Sb-125 3.75E-04 8.75E-06 3.84E-04
1-129 1.97E-08 2.20E-15 1.97E-08
Ba-133 3.23E-01 5.29E-08 3.23E-01
Cs-134 5.92E-02 2.40E-07 2.99E-09 5.92E-02
Cs-135 9.51E-07 1.56E-13 9.51E-07
Cs-137 4.59E-02 1.70E-02 5.95E-09 6.29E-02
Ce-144 4.38E-08 4.38E-08
Pm-145 2.10E-04 3.44E-11 2.10E-04
Sm-146 5.24E-11 5.24E-11
Sm-151 6.41E-02 1.05E-08 6.41E-02
Eu-152 4.36E+00 7.04E-07 4.36E+00
Eu-154 6.53E-01 7.15E-08 6.53E-01
Eu-155 7.14E-03 1.17E-09 7.14E-03
Tb-158 6.45E-04 6.45E-04
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Test Facility
Core/Blanket Reactor Vessel Extension Pentagon Area
Activated Metal | Activated metal Tube Activated Neutron Detector Primary Sodium NaK IHX Secondary Primary Surface Surface DU Cask &
Source Term Source Term Metal Source Term Source Term Source Term Source Term | Sodium Activity Contamination Contamination Gripper Total
Radionuclide (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) Activity (Ci) Activity (Ci) (Ci) (Ci)

Ho-166m 3.63E-02 5.95E-09 3.63E-02
Hf-178m 1.05E-01 1.05E-01
Pb-205 4.15E-07 6.80E-14 4.15E-07
Pb-210 1.03E-12 4.02E-27 1.03E-12
Ra-226 1.41E-12 1.41E-12
Ac-227 2.40E-08 2.40E-08
Th-228 9.37E-04 9.37E-04
Th-229 1.82E-08 1.82E-08
Th-230 1.16E-10 1.16E-10
Pa-231 1.69E-08 1.69E-08
Th-232 4.31E-09 4.31E-09
U-232 7.78E-07 7.78E-07
U-233 4.19E-04 6.80E-11 4.19E-04
U-234 2.20E-07 5.36E-02 5.36E-02
U-235 4.01E-09 2.96E-05 5.19E-03 5.22E-03
U-236 1.36E-08 1.36E-08
Np-237 1.44E-08 1.44E-08
U-238 1.42E-07 4.07E-01 4.07E-01
Pu-238 1.36E-04 1.36E-04
Pu-239 1.22E-02 4.42E-07 1.92E-09 1.22E-02
Pu-240 2.74E-04 2.74E-04
Pu-241 1.49E-02 1.49E-02
Pu-242 1.23E-07 1.23E-07
Pu-244 4.08E-16 4.08E-16
Am-241 1.06E-03 1.06E-03
Am-243 1.78E-07 1.78E-07
Cm-243 2.45E-07 2.45E-07
Cm-244 2.93E-06 2.93E-06
Cm-245 1.03E-10 1.03E-10
Cm-246 7.30E-12 7.30E-12
Cm-247 3.98E-18 3.98E-18
Cm-248 1.99E-18 1.99E-18
Total 1.29E+03 1.31E+04 6.24E+02 2.96E-05 8.34E-02 7.82E-03 6.14E-04 1.12E+01 2.14E-03 4.66E-01 1.50E+04
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7.0 EBR-lIl (MFC-767) SOURCE TERM VS. GRADE LEVEL

To support the risk assessment of the facility, source terms were determined for the following
locations:
o Above grade level
e Below grade level
e Grade to 10 ft below grade level

The locations of the facility areas relative to grade are shown in Figure 21.

Figure 21. EBR-II Facility vs. Grade
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7.1 ABOVE GRADE SOURCE TERM

The only two significant contributors to the above grade source term of the facility are the
CTP condenser in the CGCS, the FUM gripper jaws, and the pentagon surfaces. The source term
associated with the CTP condenser is due to its residual primary sodium and the source term for
this component is included in the values shown in Table 12 (Ancillary Equipment sodium). Per
INL/EXT-06-01189 (Reference 22), Technical Information on the Carbonation of the EBR-11
Reactor, based on the hydrogen production and moister content of the exhausted carbonation gas,
there is approximately 31 kg of primary sodium remaining in the condenser. The source term of
this sodium is determined by multiplying this mass by the specific activity values from Table 14.
The source term for the pentagon area is presented in Table 20 and for the FUM gripper in Table
21. The total above grade source term is presented in Table 25.

7.2 BELOW GRADE SOURCE TERM

The below grade source term was determined by subtracting the above grade source term
from the total facility source term. The results of this calculation are presented in Table 25.

7.3 0 ft to 10 ft BELOW GRADE SOURCE TERM

Sources of activity contributing to the source term in the region from grade level to 10 ft
below grade include the following:

~ Y the contaminated surface area of the [HX

The two primary pump impellers

~1/4 the contaminated surface area of the shutdown cooler plugs

Condensed sodium vapor on the primary tank cover. Since the amount of this

condensed vapor was never quantified, it is assumed to be 1% of the total residual

primary sodium.

e The majority of the sodium purification and sampling systems are positioned at a
depth greater than 10 ft below grade. Small diameter lines lead to these systems to
and from the primary tank. It is assumed that 1% of the activity associated with the
ancillary equipment sodium is contained within these lines in the 0 to 10 ft below
grade region.

e ~1/4 of the contaminated NaK remaining in the shutdown cooler plugs

The resulting source term in the 0 to 10 ft below grade region is presented in Table 25.



441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Table 25 EBR-II Facility Source Term vs Grade

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 75 of 151

0to 10 ft
Total Facility Above Grade Below Grade Below Grade
Source Term Source Term Source Term Source Term
Radionuclide (Ci) (Ci) (Ci) (Ci)

H-3 1.74E+01 1.47E-03 1.74E+01 2.62E-03
Be-10 4.67E-04 4.67E-04
C-14 8.38E+00 1.31E-06 8.38E+00

Na-22 8.14E-05 1.61E-06 7.98E-05 2.88E-06
Cl-36 1.72E-01 2.80E-08 1.72E-01
Ca-41 1.46E-03 2.40E-10 1.46E-03
Mn-53 8.41E-04 1.38E-10 8.41E-04

Mn-54 2.38E-02 1.25E-09 2.38E-02 8.05E-03
Fe-55 1.46E+03 2.39E-04 1.46E+03
Ni-59 5.37E+01 8.59E-06 5.37E+01
Co-60 7 .43E+03 9.18E-04 7.43E+03
Ni-63 6.02E+03 9.73E-04 6.02E+03
Zn-65 2.10E-05 3.44E-12 2.10E-05
Se-79 1.46E-04 2.40E-11 1.46E-04

Sr-90 1.12E+01 2.04E-06 1.12E+01 5.54E+00
Nb-92m 2.44E-07 4.00E-14 2.44E-07
Zr-93 1.05E-05 1.72E-12 1.05E-05
Mo-93 1.34E-01 2.19E-08 1.34E-01
Nb-94 1.33E-01 1.50E-08 1.33E-01
Tc-99 1.33E-01 4.80E-09 1.33E-01
Ru-106 8.96E-07 8.96E-07
Ag-108m 3.26E-02 4.29E-09 3.26E-02

Ag-110m 6.25E-08 2.75E-17 6.25E-08 1.25E-17
Sn-121m 1.06E-03 1.06E-03

Sb-125 3.84E-04 1.93E-07 3.84E-04 8.75E-08
1-129 1.97E-08 2.20E-15 1.97E-08
Ba-133 3.23E-01 5.29E-08 3.23E-01

Cs-134 5.92E-02 8.29E-09 5.92E-02 2.40E-09
Cs-135 9.51E-07 1.56E-13 9.51E-07

Cs-137 6.29E-02 3.76E-04 6.26E-02 1.70E-04
Ce-144 4.38E-08 4.38E-08
Pm-145 2.10E-04 3.44E-11 2.10E-04
Sm-146 5.24E-11 5.24E-11
Sm-151 6.41E-02 1.05E-08 6.41E-02
Eu-152 4.36E+00 7.04E-07 4.36E+00
Eu-154 6.53E-01 7.15E-08 6.53E-01
Eu-155 7.14E-03 1.17E-09 7.14E-03
Th-158 6.45E-04 6.45E-04
Ho-166m 3.63E-02 5.95E-09 3.63E-02
Hf-178m 1.05E-01 1.05E-01
Pb-205 4.15E-07 6.80E-14 4.15E-07
Pb-210 1.03E-12 1.03E-12
Ra-226 1.41E-12 1.41E-12
Ac-227 2.40E-08 2.40E-08
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0to 10 ft
Total Facility Above Grade Below Grade Below Grade
Source Term Source Term Source Term Source Term
Radionuclide (Ci) (Ci) (Ci) (Ci)

Th-228 9.37E-04 9.37E-04
Th-229 1.82E-08 1.82E-08
Th-230 1.16E-10 1.16E-10
Pa-231 1.69E-08 1.69E-08
Th-232 4.31E-09 4.31E-09
U-232 7.78E-07 7.78E-07
U-233 4.19E-04 6.80E-11 4.19E-04
U-234 5.36E-02 7.74E-04 2.20E-07
U-235 5.22E-03 7.49E-05 2.96E-05
U-236 1.36E-08 1.36E-08
Np-237 1.44E-08 1.44E-08
U-238 4.07E-01 5.87E-03 4.09E-01
Pu-238 1.36E-04 1.36E-04

Pu-239 1.22E-02 1.17E-08 1.22E-02 4.42E-09
Pu-240 2.74E-04 2.74E-04
Pu-241 1.49E-02 1.49E-02
Pu-242 1.23E-07 1.23E-07
Pu-244 4.08E-16 4.08E-16
Am-241 1.06E-03 1.06E-03
Am-243 1.78E-07 1.78E-07
Cm-243 2.45E-07 2 45E-07
Cm-244 2.93E-06 2.93E-06
Cm-245 1.03E-10 1.03E-10
Cm-246 7.30E-12 7.30E-12
Cm-247 3.98E-18 3.98E-18
Cm-248 1.99E-18 1.99E-18

Total 1.50E+04 1.07E-02 1.50E+04 5.55E+00
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8.0 TRU ACTIVITY

For disposal purposes, TRU radionuclides are defined as alpha emitting radionuclides with
atomic numbers greater than 92 with half lives greater than 20 years and are reported in
nanocuries of activity per gram of waste (nCi/g). The source term for MFC-767 contains twelve
TRU radionuclides including Np-237, Pu-238, Pu-239, Pu-240, Pu-242, Pu-244, Am-241, Am-
243, Cm-243, Cm-245, Cm-246, and Cm-247. The component with the highest TRU activity
(calculated from the activity of these radionuclides and the component mass) in the EBR-II
reactor is the inner shield wall. The TRU activity of this component was calculated to be 0.77
nCi/g. To determine if this was a reasonable value it was compared with the TRU activity of
various 304 SS components forming the ETR, MTR, and the PWR documented in NUREG CR-
3747. This comparison is shown if Table 26. Based on the flux through this component and the
EBR-II power history, this value appears very reasonable.

Table 26. Comparison of the TRU Activity In Various Reactor Components

Power History 366,780 MWd
EBR-II F|U)2( TRU ACtiVity
Component (n/cm®-s) (nCilg)
Inner Shield Wall 3.20E+11 0.766
Power History 180,329 MWd
Flux TRU Activity
Component (n/cmz-s) (nCilg)
MTR  C to D tank Adapter 8.58E+11 0.37
D to E tank Adapter 9.83E+12 442
Monitor Tube 4.01E+12 1.66
Discharge Chute 1.93E+12 0.73
Power History 500,104 MWd
Flux TRU Activity
Component (n/cmz-s) (nCilg)
Internal Thermal Shield 1.54E+11 0.01
ETR Inner Tank 1.27E+13 2.83
F10 IPT 7.20E+14 27.3
N14 IPT 2.78E+14 23.9
M13 IPT 6.40E+14 14
C7IPT 6.85E+13 9.42
| Beams 1.33E+08 1.49E-05
Power History 30 Full Power Years
Flux TRU Activity
Component (n/cmz-s) (nCi/g)
PWR  Shroud ~5e13 <7
Core Barrel ~1e13 <2.3
Thermal Pads ~5e11 0.14
Vessel Cladding ~5e10 0.096
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9.0 CONCLUSION

Based on the analysis documented in the TBL, the total source term associated with EBR-1I
(MFC-767) is 1.50E04 Ci. The predominate radionuclides contributing to this activity are mainly
contained within the activated metal forming the reactor and include Ni-63 (~45%), Co-60
(~43%), and Fe-55 (~11%). Of this total source term, only 1.07E-02 Ci exists in the above grade
regions of the facility.
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11.0 ATTACHMENTS

Ni-63 Activity per Gram 304 SS Calculations for EBR-II Components

Ni-63 Activity per Gram Graphite Calculations for EBR-II Neutron Shields
Ni-63 Activity per Gram Stellite Calculations for EBR-II Components
MicroShield Model of Primary Pump Impeller

MicroShield Model of Pentagon Area Floor

MicroShield Models for the Above Reactor Exposure Point

MicroShield Models for the Reactor Side, At the Core Level, Exposure Point

@ monw»
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ATTACHMENT A

Ni-63 Activity per Gram of 304 SS
For EBR-Il Reactor Components
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~Thermal Flux @62.5 MW, (n/cmz-s) 3.20E+11

Aot Ni-63 (s™) 2.27E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 153E+14 | 946E+14 | 157E+15 | 7.19E+14 | 1.53E+15 | 1.72E+15 | 2.48E+15 | 1.89E+15 | 2.33E+15 | 2.53E+15 | 2.89E+15 | 3.21E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 124E+14 | 7.71E+14 | 129E+15 | 5.94E+14 | 1.27E+15 | 1.44E+15 | 2.09E+15 | 1.61E+15 | 1.99E+15 | 2.18E+15 | 2.51E+15 | 2.81E+15
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 306000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 3.04E+15 | 357E+15 | 3.50E+15 | 3.48E+15 | 3.565E+15 | 2.98E+15 | 2.63E+15 | 2.74E+15 | 2.96E+15 | 3.31E+15 | 3.18E+15 | 3.63E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 347E+15 | 316E+15 | 3.21E+15 | 3.13E+15 | 3.21E+15 | 2.72E+15 | 2.42E+15 | 2.54E+15 | 2.76E+15 | 3.10E+15 | 3.00E+15 | 3.46E+15
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2.47E+07 1.13E+07 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 389E+15 | 1.79E+15 | 5.08E+15 | 1.20E+15 | 2.68E+15 | 1.94E+15 | 1.66E+15

# Ni-63 atoms/g 304 S5 (atoms), due to this 373E+15 | 1.72E+15 | 4.94E+15 | 1.17E+15 | 2.64E+15 | 1.92E+15 | 1.66E+15

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 7.27TE+16

1994 Ni-63 Specific Activity (Ci/g 304 SS) 4.31E-04

2009 Ni-63 Specific Activity (Ci/g 304 SS) 3.88E-04
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~Thermal Flux @62.5 MWy, (n/cm®-s) 3.20E+11

Aot Ni-63 (s7) 2.27E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 915E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.80E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.53E+14 94B6E+14 | 1.57E+15 | 7.19E+14 | 1.53E+15 | 1.72E+15 | 2.48E+15 | 1.89E+15 | 2.33E+15 | 2.53E+15 | 2.80E+15 | 3.21E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 1.24E+14 771E+14 | 1.20E+15 | 5.94E+14 | 1.27E+15 | 1.44E+15 | 2.09E+15 | 1.61E+15 | 1.99E+15 | 2.18E+15 | 2.51E+15 | 2.81E+15
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 306000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 2.50E+07 227E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.80E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 3.04E+15 357E+15 | 3.50E+15 | 3.48E+15 | 3.55E+15 | 2.98E+15 | 2.63E+15 | 2.74E+15 | 2.96E+15 | 3.31E+15 | 3.18E+15 | 3.63E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 3.47E+15 316E+15 | 3.21E+15 | 3.13E+15 | 3.21E+15 | 2.72E+15 | 2.42E+15 | 2.54E+15 | 2.76E+15 | 3.10E+15 | 3.00E+15 | 3.46E+15
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2.47E+07 1.13E+07 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 3.80E+15 1.79E+15 | 5.08E+15 | 1.20E+15 | 2.68E+15 | 1.94E+15 | 1.66E+15

# Ni-63 atoms/g 304 SS (atoms), due to this 3.73E+15 1.72E+15 | 4.94E+15 | 1.17E+15 | 2.64E+15 | 1.92E+15 | 1.66E+15

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 7.27TE+16

1994 Ni-63 Specific Activity (Ci/g 304 SS) 4.31E-04

2009 Ni-63 Specific Activity (Ci/lg 304 SS) 3.88E-04
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~¢ (n/cm?-s) 3.20E+11

Aot (s 2.27E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | B8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 153E+14 | 946E+14 | 157E+15 | 7.19E+14 | 1.53E+15 | 1.72E+15 | 2.48E+15 | 1.89E+15 | 2.33E+15 | 2.53E+15 | 2.89E+15 | 3. 21E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 1.24E+14 | 7.71E+14 | 129E+15 | 5.94E+14 | 1.27E+15 | 1.44E+15 | 2.09E+15 | 1.61E+15 | 1.99E+15 | 2.18E+15 | 2.51E+15 | 2.81E+15
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 3.94E+15 | 3.57E+15 | 3.59E+15 | 3.48E+15 | 3.565E+15 | 2.98E+15 | 2.63E+15 | 2.74E+15 | 2.96E+15 | 3.31E+15 | 3.18E+15 | 3.63E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 347E+15 | 3.16E+15 | 3.21E+15 | 3.13E+15 | 3.21E+15 | 2.72E+15 | 2.42E+15 | 2.54E+15 | 2.76E+15 | 3.10E+15 | 3.00E+15 | 3.46E+15
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 126E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 3.89E+15 1.79E+15 5.08E+15 | 1.20E+15 | 2.68E+15 | 1.94E+15 | 1.66E+15

# Ni-63 atoms/g 304 SS (atoms), due to this 3.73E+15 | 1.72E+15 | 4.94E+15 | 1.17E+15 | 2.64E+15 | 1.92E+15 | 1.66E+15

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 7.27E+16

1994 Ni-63 Specific Activity (Cilg 304 SS) 4.31E-04

2009 Ni-63 Specific Activity (Ci/g 304 SS) 3.88E-04
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~¢ (nfcm®-s) 3.00E+11

Aot (s 2.27E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 | 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 143E+14 | 8.87E+14 | 147E+15 | 6.74E+14 | 1.43E+15 | 1.61E+15 | 2.33E+15 | 1.78E+15 | 2.18E+15 | 2.37E+15 | 2.71E+15 | 3.01E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 116E+14 | 7.23E+14 | 1.21E+15 | 5.57E+14 | 1.19E+15 | 1.35E+15 | 1.96E+15 | 1.51E+15 | 1.87E+15 | 2.04E+15 | 2.36E+15 | 2.63E+15
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1084 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.08E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 3.69E+15 | 3.34E+15 | 3.37E+15 | 3.26E+15 | 3.32E+15 | 2.80E+15 | 2.47E+15 | 2.57E+15 | 2.77E+15 | 3.10E+15 | 2.98E+15 | 3.41E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 3.25E+15 | 297E+15 | 3.01E+15 | 2.94E+15 | 3.01E+15 | 2.55E+15 | 227E+15 | 2.38E+15 | 2.59E+15 | 2.91E+15 | 2.82E+15 | 3.24E+15
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2 47E+07 | 1.3E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.6E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 3.65E+15 1.67E+15 4.77E+15 | 1.12E+15 | 2.51E+15 | 1.82E+15 | 1.55E+15

# Ni-63 atoms/g 304 SS (atoms), due to this 3.50E+15 | 1.62E+15 | 4.64E+15 | 1.10E+15 | 2.48E+15 | 1.80E+15 | 1.55E+15

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 6.81E+16

1994 Ni-63 Specific Activity (Cilg 304 SS) 4.04E-04

2009 Ni-63 Specific Activity (Ci/g 304 SS) 3.64E-04
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Vessel Wall
~¢ (n/cm*-s) 2.50E+11
Aot (s 2.26E-10
Year 1064 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 | 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 119E+14 | 7.39E+14 | 1.03E+15 | 5.62E+14 | 1.19E+15 | 1.34E+15 | 1.94E+15 | 1.48E+15 | 1.82E+15 | 1.97E+15 | 2.26E+15 | 2.51E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 9.66E+13 | 6.03E+14 | 1.01E+15 | 4.65E+14 | 9.92E+14 | 1.13E+15 | 1.64E+15 | 1.26E+15 | 1.56E+15 | 1.70E+15 | 1.96E+15 | 2.19E+15
year irradiation, in 1994
Year 1976 1977 1978 1979 1980 1081 1982 1083 1984 1085 1086 1087
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 2.50E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.50E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 3.08E+15 | 2.79E+15 | 2.80E+15 | 2.72E+15 | 2.77E+15 | 2.33E+15 | 2.06E+15 | 2.14E+15 | 2.31E+15 | 2.58E+15 | 2.48E+15 | 2.84E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 271E+15 | 2.47E+15 | 2.51E+15 | 2.45E+15 | 2.51E+15 | 2.13E+15 | 1.89E+15 | 1.98E+15 | 2.16E+15 | 2.43E+15 | 2.35E+15 | 2.70E+15
year irradiation, in 1994
Year 1088 1089 1990 1991 1992 1993 1994
MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400
Modeled Irradiation Time (s) 2.47E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07
~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00
# Ni-63 atoms/g 304 SS (atoms) at year end 3.04E+15 1.40E+15 3.97E+15 | 9.36E+14 | 2.09E+15 | 1.51E+15 | 1.29E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 292E+15 | 1.35E+15 | 3.86E+15 | 9.17E+14 | 2.06E+15 | 1.50E+15 | 1.20E+15
year irradiation, in 1994
Total Ni-63 atoms @ End of irradiation (atoms) 5.68E+16
1994 Ni-63 Specific Activity (Ci/g 304 SS) 3.37E-04
2009 Ni-63 Specific Activity (Cilg 304 SS) 3.04E-04
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Shield Liner
~¢ (n/cm*-s) 2.30E+11
Aot (s 2.25E-10
Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 | 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 110E+14 | 6.80E+14 | 1.13E+15 | 5.17E+14 | 1.10E+15 | 1.04E+15 | 1.78E+15 | 1.36E+15 | 1.67E+15 | 1.82E+15 | 2.08E+15 | 2.31E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 8.80E+13 | 5.55E+14 | 9.26E+14 | 4.28E+14 | 9.13E+14 | 1.04E+15 | 1.51E+15 | 1.16E+15 | 1.43E+15 | 1.57E+15 | 1.81E+15 | 2.02E+15
year irradiation, in 1994
Year 1976 1977 1078 1979 1980 1081 1082 1083 1984 1085 1986 1087
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 2.50E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 2.83E+15 | 2.56E+15 | 2.58E+15 | 2.50E+15 | 2.55E+15 | 2.14E+15 | 1.89E+15 | 1.97E+15 | 2.13E+15 | 2.38E+15 | 2.28E+15 | 2.61E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 2.49E+15 | 2.28E+15 | 2.31E+15 | 2.25E+15 | 2.31E+15 | 1.96E+15 | 1.74E+15 | 1.82E+15 | 1.98E+15 | 2.23E+15 | 2.16E+15 | 2.49E+15
year irradiation, in 1994
Year 1988 1989 1990 1991 1992 1993 1994
MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400
Modeled Irradiation Time (s) 2.47E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07
~Decay time (s) 189E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00
# Ni-63 atoms/g 304 SS (atoms) at year end 2.80E+15 1.28E+15 3.65E+15 | 8.61E+14 | 1.92E+15 | 1.39E+15 | 1.19E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 268E+15 | 124E+15 | 3.55E+15 | 8.44E+14 | 1.90E+15 | 1.38E+15 | 1.19E+15
year irradiation, in 1994
Total Ni-63 atoms @ End of irradiation (atoms) 5.22E+16
1994 Ni-63 Specific Activity (Ci/g 304 SS) 3.10E-04
2009 Ni-63 Specific Activity (Cilg 304 SS) 2.79E-04
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~¢ (n/cm?-s) 1.40E+11

Aot (s 2.23E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.80E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 6.68E+13 | 4.14E+14 | 6.86E+14 | 3.15E+14 | 6.67E+14 | 7.53E+14 | 1.09E+15 | 8.290E+14 | 1.02E+15 | 1.10E+15 | 1.27E+15 | 1.41E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 542E+13 | 3.38E+14 | 5.64E+14 | 2.61E+14 | 5.56E+14 | 6.32E+14 | 9.18E+14 | 7.06E+14 | 8.74E+14 | 9.54E+14 | 1.10E+15 | 1.23E+15
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 306000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 505E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.72E+15 | 156E+15 | 1.57E+15 | 1.52E+15 | 1.55E+15 | 1.30E+15 | 1.15E+15 | 1.20E+15 | 1.20E+15 | 1.45E+15 | 1.39E+15 | 1.59E+15
# Ni-63 atoms/g 304 SS (atoms), due to this 1.52E+15 | 1.39E+15 | 140E+15 | 1.37E+15 | 1.41E+15 | 1.19E+15 | 1.06E+15 | 1. 11E+15 | 1.21E+15 | 1.36E+15 | 1.31E+15 | 1.51E+15
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 158E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 1.70E+15 7.81E+14 2.22E+15 | 5.24E+14 | 1.17E+15 | 8.48E+14 | 7.24E+14

# Ni-63 atoms/g 304 SS (atoms), due to this 163E+15 | 7.55E+14 | 216E+15 | 5.14E+14 | 1.16E+15 | 8.42E+14 | 7.24E+14

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 3.18E+16

1994 Ni-63 Specific Activity (Cilg 304 SS) 1.89E-04

2009 Ni-63 Specific Activity (Ci/g 304 SS) 1.70E-04
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~¢ (n/cm?-s) 5.50E+07

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | B8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 262E+10 | 163E+11 | 2.70E+11 | 1.24E+11 | 2.62E+11 | 2.96E+11 | 4.27E+11 | 3.26E+11 | 4.00E+11 | 4.34E+11 | 4.98E+11 | 552E+11
# Ni-63 atoms/g 304 SS (atoms), due to this 213E+10 | 1.33E+11 | 2.22E+11 | 1.03E+11 | 2.19E+11 | 2.49E+11 | 3.61E+11 | 2.78E+11 | 3.44E+11 | 3.75E+11 | 4.33E+11 | 4.84E+11
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 6.77E+11 | 613E+11 | 6.17E+11 | 598E+11 | 6.10E+11 | 512E+11 | 4.53E+11 | 4.71E+11 | 5.00E+11 | 5.68E+11 | 5.46E+11 | 6.24E+11
# Ni-63 atoms/g 304 SS (atoms), due to this 597E+11 | 5.45E+11 | 552E+11 | 5.39E+11 | 5.53E+11 | 4.68E+11 | 417E+11 | 4.37E+11 | 4.75E+11 | 5.34E+11 | 5.17E+11 | 5.95E+11
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 126E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 6.69E+11 3.07E+11 8.74E+11 | 2.06E+11 | 4.60E+11 | 3.33E+11 | 2.85E+11

# Ni-63 atoms/g 304 SS (atoms), due to this 6.41E+11 | 297E+11 | B50E+11 | 2.02E+11 | 454E+11 | 3.31E+11 | 2.85E+11

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 1.25E+13

1994 Ni-63 Specific Activity (Cilg 304 SS) 7.42E-08

2009 Ni-63 Specific Activity (Ci/g 304 SS) 6.69E-08
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~¢ (n/cm?-s) 3.50E+08

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 | 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 167E+11 | 1.03E+12 | 1.72E+12 | 7.87E+11 | 1.67E+12 | 1.88E+12 | 2.71E+12 | 2.07E+12 | 2.55E+12 | 2.76E+12 | 3A7E+12 | 3.51E+12
# Ni-63 atoms/g 304 SS (atoms), due to this 1.36E+11 | 846E+11 | 1.41E+12 |6.53E+11 | 1.39E+12 | 1.58E+12 | 2.30E+12 | 1.77E+12 | 219E+12 | 2.39E+12 | 2.76E+12 | 3.08E+12
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1084 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.08E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.50E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 431E+12 | 3.90E+12 | 3.93E+12 | 3.81E+12 | 3.88E+12 | 3.26E+12 | 2.88E+12 | 3.00E+12 | 3.24E+12 | 3.62E+12 | 3.48E+12 | 3.97E+12
# Ni-63 atoms/g 304 SS (atoms), due to this 3.80E+12 | 3.47E+12 | 3.51E+12 | 3.43E+12 | 3.52E+12 | 2.98E+12 | 2.65E+12 | 2.78E+12 | 3.02E+12 | 3.40E+12 | 3.29E+12 | 3.79E+12
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2 47E+07 | 1.3E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 426E+12 | 1.95E+12 | 5.56E+12 | 1.31E+12 | 2.93E+12 | 2.12E+12 | 1.81E+12

# Ni-63 atoms/g 304 SS (atoms), due to this 4.08E+12 | 189E+12 | 5.41E+12 | 1.28E+12 | 2.89E+12 | 211E+12 | 1.81E+12

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 7.96E+13

1994 Ni-63 Specific Activity (Ci/g 304 SS) 4.72E-07

2009 Ni-63 Specific Activity (Cilg 304 SS) 4.26E-07
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~¢ (n/cm?-s) 3.30E+06

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.80E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.57E+09 | 9.76E+09 | 1.62E+10 | 7.42E+09 | 1.57E+10 | 1.77E+10 | 2.56E+10 | 1.95E+10 | 2.40E+10 | 2.60E+10 | 2.99E+10 | 3.31E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 1.28E+09 | 7.98E+09 | 1.33E+10 | 6.15E+09 | 1.31E+10 | 1.49E+10 | 2.17E+10 | 1.67E+10 | 2.06E+10 | 2.25E+10 | 2.60E+10 | 2.90E+10
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 4.06E+10 | 3.68E+10 | 3.70E+10 | 3.59E+10 | 3.66E+10 | 3.07E+10 | 2.72E+10 | 2.83E+10 | 3.05E+10 | 3.41E+10 | 3.28E+10 | 3.75E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 358E+10 | 3.27E+10 | 3.31E+10 | 3.24E+10 | 3.32E+10 | 2.81E+10 | 2.50E+10 | 2.62E+10 | 2.85E+10 | 3.20E+10 | 3.10E+10 | 3.57E+10
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 4.02E+10 | 1.84E+10 | 524E+10 | 1.24E+10 | 2.76E+10 | 2.00E+10 | 1.71E+10

# Ni-63 atoms/g 304 SS (atoms), due o this 3.85E+10 | 1.78E+10 | 510E+10 | 1.21E+10 | 2.72E+10 | 1.99E+10 | 1.71E+10

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 7.51E+11

1994 Ni-63 Specific Activity (Cilg 304 SS) 4 .45E-09

2009 Ni-63 Specific Activity (Ci/g 304 SS) 4.01E-09




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Outer Shield 5th Row Cans

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194

Rev. 01

Page 92 of 151

~¢ (n/cm?-s) 3.50E+06

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | B8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.67E+09 | 1.03E+10 | 1.72E+10 | 7.87E+09 | 1.67E+10 | 1.88E+10 | 2.71E+10 | 2.07E+10 | 2.55E+10 | 2.76E+10 | 3.17E+10 | 3.51E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 1.36E+09 | 8.46E+09 | 141E+10 | 6.53E+09 | 1.39E+10 | 1.58E+10 | 2.30E+10 | 1.77E+10 | 2.19E+10 | 2.39E+10 | 2.76E+10 | 3.08E+10
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 431E+10 | 3.90E+10 | 3.93E+10 | 3.81E+10 | 3.88E+10 | 3.26E+10 | 2.88E+10 | 3.00E+10 | 3.24E+10 | 3.62E+10 | 3.48E+10 | 3.97E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 3.80E+10 | 3.47E+10 | 3.51E+10 | 3.43E+10 | 3.52E+10 | 2.98E+10 | 2.65E+10 | 2.78E+10 | 3.02E+10 | 3.40E+10 | 3.29E+10 | 3.79E+10
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 126E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 4.26E+10 1.95E+10 5.56E+10 | 1.31E+10 | 2.93E+10 | 2.12E+10 | 1.81E+10

# Ni-63 atoms/g 304 SS (atoms), due to this 4.08E+10 | 1.89E+10 | 5.41E+10 | 1.28E+10 | 2.89E+10 | 2.11E+10 | 1.81E+10

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 7.96E+11

1994 Ni-63 Specific Activity (Cilg 304 SS) 4.72E-09

2009 Ni-63 Specific Activity (Ci/g 304 SS) 4.26E-09




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Upper Flow Baffle/Hold down Fingers

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194

Rev. 01

Page 93 of 151

~¢ (n/cm?-s) 3.50E+10

Aot (s 2.20E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | B8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 167E+13 | 1.03E+14 | 1.72E+14 | 7.87E+13 | 1.67E+14 | 1.88E+14 | 2.71E+14 | 2.07E+14 | 2.55E+14 | 2.76E+14 | 317E+14 | 3.51E+14
# Ni-63 atoms/g 304 SS (atoms), due to this 1.36E+13 | 8.46E+13 | 141E+14 | 6.53E+13 | 1.30E+14 | 1.58E+14 | 2.30E+14 | 1.77E+14 | 2.19E+14 | 2.39E+14 | 2.76E+14 | 3.08E+14
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 431E+14 | 3.90E+14 | 3.93E+14 | 3.81E+14 | 3.88E+14 | 3.26E+14 | 2.88E+14 | 3.00E+14 | 3.24E+14 | 3.62E+14 | 3.48E+14 | 3.97E+14
# Ni-63 atoms/g 304 SS (atoms), due to this 380E+14 | 3.47E+14 | 3.51E+14 | 3.43E+14 | 3.52E+14 | 2.08E+14 | 2.65E+14 | 2.78E+14 | 3.02E+14 | 3.40E+14 | 3.29E+14 | 3.79E+14
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 126E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 426E+14 | 195E+14 | 556E+14 | 1.31E+14 | 2.93E+14 | 212E+14 | 1.81E+14

# Ni-63 atoms/g 304 SS (atoms), due to this 4.09E+14 | 189E+14 | 5.41E+14 | 1.28E+14 | 2.89E+14 | 211E+14 | 1.81E+14

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 7.96E+15

1994 Ni-63 Specific Activity (Cilg 304 SS) 4.72E-05

2009 Ni-63 Specific Activity (Ci/g 304 SS) 4.26E-05




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Reactor Cover Thermal Shield

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 94 of 151

~¢ (n/cm?-s) 4.00E+09

Aot (s 2.20E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.80E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.91E+12 | 118E+13 | 1.96E+13 | 8.99E+12 | 1.91E+13 | 215E+13 | 3.10E+13 | 2.37E+13 | 2.91E+13 | 316E+13 | 3.62E+13 | 4.01E+13
# Ni-63 atoms/g 304 SS (atoms), due to this 155E+12 | 9.67E+12 | 1.62E+13 | 7.46E+12 | 1.59E+13 | 1.81E+13 | 2.63E+13 | 2.02E+13 | 2.50E+13 | 2.73E+13 | 3.15E+13 | 3.52E+13
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 306000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 505E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 4.92E+13 | 44BE+13 | 4.49E+13 | 4.35E+13 | 4.43E+13 | 3.73E+13 | 3.29E+13 | 3.43E+13 | 3.70E+13 | 4.13E+13 | 3.97E+13 | 4.54E+13
# Ni-63 atoms/g 304 SS (atoms), due to this 4.34E+13 | 3.96E+13 | 4.02E+13 | 3.92E+13 | 4.02E+13 | 3.41E+13 | 3.03E+13 | 3.18E+13 | 3.45E+13 | 3.88E+13 | 3.76E+13 | 4.33E+13
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 158E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 4.87E+13 2.23E+13 6.36E+13 | 1.50E+13 | 3.35E+13 | 2.42E+13 | 2.07E+13

# Ni-63 atoms/g 304 SS (atoms), due to this 467E+13 | 2.16E+13 | 6.18E+13 | 1.47E+13 | 3.30E+13 | 2.41E+13 | 2.07E+13

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 9.10E+14

1994 Ni-63 Specific Activity (Cilg 304 SS) 5 40E-06

2009 Ni-63 Specific Activity (Ci/g 304 SS) 4.86E-06




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Reactor Closure Head Lower Surface

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194

Rev. 01

Page 95 of 151

~¢ (n/cm?-s) 3.00E+09

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | B8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.43E+12 | 8.87E+12 | 147E+13 | 6.74E+12 | 1.43E+13 | 1.61E+13 | 2.33E+13 | 1.78E+13 | 2.18E+13 | 2.37E+13 | 2.71E+13 | 3.01E+13
# Ni-63 atoms/g 304 SS (atoms), due to this 1.16E+12 | 7.25E+12 | 1.21E+13 | 5.59E+12 | 1.19E+13 | 1.36E+13 | 1.97E+13 | 1.51E+13 | 1.88E+13 | 2.05E+13 | 2.36E+13 | 2.64E+13
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 369E+13 | 3.34E+13 | 3.37E+13 | 3.26E+13 | 3.32E+13 | 2.80E+13 | 2.47E+13 | 2.57E+13 | 2.78E+13 | 3.10E+13 | 2.98E+13 | 3.41E+13
# Ni-63 atoms/g 304 SS (atoms), due to this 326E+13 | 2.97E+13 | 3.01E+13 | 2.94E+13 | 3.02E+13 | 2.55E+13 | 2.27E+13 | 2.38E+13 | 2.59E+13 | 2.91E+13 | 2.82E+13 | 3.24E+13
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 126E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 3.65E+13 1.67E+13 4.77E+13 | 1.12E+13 | 2.51E+13 | 1.82E+13 | 1.55E+13

# Ni-63 atoms/g 304 SS (atoms), due to this 350E+13 | 1.62E+13 | 4.64E+13 | 1.10E+13 | 2.48E+13 | 1.80E+13 | 1.55E+13

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 6.82E+14

1994 Ni-63 Specific Activity (Cilg 304 SS) 4.05E-06

2009 Ni-63 Specific Activity (Ci/g 304 SS) 3.65E-06




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Upper Neutron Shield, 1st Row Can

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 96 of 151

~¢ (n/cm?-s) 2.50E+09

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 119E+12 | 7.39E+12 | 1.23E+13 | 5.62E+12 | 1.19E+13 | 1.34E+13 | 1.94E+13 | 1.48E+13 | 1.82E+13 | 1.97E+13 | 2.26E+13 | 2.51E+13
# Ni-63 atoms/g 304 SS (atoms), due to this 9.69E+11 | 6.05E+12 | 1.01E+13 | 4.66E+12 | 9.95E+12 | 1.13E+13 | 1.64E+13 | 1.26E+13 | 1.56E+13 | 1.71E+13 | 1.97E+13 | 2.20E+13
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 3.08E+13 | 2.79E+13 | 2.80E+13 | 2.72E+13 | 2.77E+13 | 2.33E+13 | 2.06E+13 | 2.14E+13 | 2.31E+13 | 2.58E+13 | 2.48E+13 | 2.84E+13
# Ni-63 atoms/g 304 SS (atoms), due to this 2.72E+13 | 2.48E+13 | 2.51E+13 | 2.45E+13 | 2.561E+13 | 2.13E+13 | 1.89E+13 | 1.99E+13 | 2.16E+13 | 2.43E+13 | 2.35E+13 | 2.70E+13
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 113E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 3.04E+13 1.40E+13 3.97E+13 | 9.36E+12 | 2.09E+13 | 1.51E+13 | 1.29E+13

# Ni-63 atoms/g 304 SS (atoms), due to this 2092E+13 | 1.35E+13 | 3.86E+13 | 9.17E+12 | 2.06E+13 | 1.50E+13 | 1.29E+13

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 5.69E+14

1994 Ni-63 Specific Activity (Cilg 304 SS) 3.37E-06

2009 Ni-63 Specific Activity (Ci/g 304 SS) 3.04E-06




‘113/128\/12%08 RADCON TECHNICAL BASIS TEL'lg‘l‘
V.

10720/ TECHNICAL BASELINE (TBL) page o1t

(Use with MCP-6)

Neutron Shield, 2nd Row Can

~¢ (n/cm?-s) 1.00E+09
Aot (s 2.19E-10
Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 477E+11 | 2.96E+12 | 4.90E+12 | 2.25E+12 | 4.77E+12 | 5.38E+12 | 7.76E+12 | 5.92E+12 | 7.28E+12 | 7.89E+12 | 9.05E+12 | 1.00E+13
# Ni-63 atoms/g 304 SS (atoms), due to this 3.88E+11 | 242E+12 | 4.04E+12 | 1.86E+12 | 3.98E+12 | 4.52E+12 | 6.57E+12 | 5.05E+12 | 6.25E+12 | 6.82E+12 | 7.88E+12 | 8.80E+12
year irradiation, in 1994
Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 123E+13 | 1.11E+13 | 1.12E+13 | 1.09E+13 | 1.11E+13 | 9.32E+12 | 8.23E+12 | 8.57E+12 | 9.25E+12 | 1.03E+13 | 9.93E+12 | 1.14E+13
# Ni-63 atoms/g 304 SS (atoms), due to this 1.09E+13 | 9.91E+12 | 1.00E+13 | 9.81E+12 | 1.01E+13 | 8.52E+12 | 7.58E+12 | 7.94E+12 | 8.63E+12 | 9.71E+12 | 9.39E+12 | 1.08E+13
year irradiation, in 1994
Year 1988 1989 1990 1991 1992 1993 1994
MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400
Modeled Irradiation Time (s) 247E+07 | 113E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07
~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00
# Ni-63 atoms/g 304 SS (atoms) at year end 1.22E+13 | 5.58E+12 1.59E+13 | 3.75E+12 | 8.37E+12 | 6.06E+12 | 5.17E+12
# Ni-63 atoms/g 304 SS (atoms), due to this 117E+13 | 539E+12 | 155E+13 | 3.67E+12 | 8.25E+12 | 6.02E+12 | 5.17E+12
year irradiation, in 1994
Total Ni-63 atoms @ End of irradiation (atoms) 2.27TE+14
1994 Ni-63 Specific Activity (Cilg 304 SS) 1.35E-06
2009 Ni-63 Specific Activity (Ci/g 304 SS) 1.22E-06
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TECHNICAL BASELINE (TBL)

TBL-194

Rev. 01

Page 98 of 151

~¢ (n/cm?-s) 2.50E+08

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | B8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 119E+11 | 7.39E+11 | 1.23E+12 | 5.62E+11 | 1.19E+12 | 1.34E+12 | 1.94E+12 | 1.48E+12 | 1.82E+12 | 1.97E+12 | 2.26E+12 | 2.51E+12
# Ni-63 atoms/g 304 SS (atoms), due to this 9.69E+10 | 6.05E+11 | 1.01E+12 | 4.66E+11 | 9.95E+11 | 1.13E+12 | 1.64E+12 | 1.26E+12 | 1.56E+12 | 1.71E+12 | 1.97E+12 | 2.20E+12
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 3.08E+12 | 2.79E+12 | 2.80E+12 | 2.72E+12 | 2.77E+12 | 2.33E+12 | 2.06E+12 | 214E+12 | 2.31E+12 | 2.58E+12 | 2.48E+12 | 2.84E+12
# Ni-63 atoms/g 304 SS (atoms), due to this 2.72E+12 | 2.48E+12 | 251E+12 | 2.45E+12 | 2.51E+12 | 2.13E+12 | 1.89E+12 | 1.99E+12 | 2.16E+12 | 2.43E+12 | 2.35E+12 | 2.70E+12
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 126E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 3.04E+12 | 1.40E+12 | 3.97E+12 | 9.36E+11 | 2.00E+12 | 1.51E+12 | 1.29E+12

# Ni-63 atoms/g 304 SS (atoms), due to this 202E+12 | 1.35E+12 | 3.86E+12 | 9.17E+11 | 2.06E+12 | 1.50E+12 | 1.20E+12

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 5.69E+13

1994 Ni-63 Specific Activity (Cilg 304 SS) 3.37E-07

2009 Ni-63 Specific Activity (Ci/g 304 SS) 3.04E-07




4113/128\/12%08 RADCON TECHNICAL BASIS TEL'lg‘l‘
V.

10720/ TECHNICAL BASELINE (TBL) page 99 r1on

(Use with MCP-6)

Neutron Shield, 4th Row Can

~¢ (n/cm?-s) 8.00E+07
Aot (s 2.19E-10
Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | B8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 382E+10 | 2.36E+11 | 3.92E+11 | 1.80E+11 | 3.81E+11 | 4.30E+11 | 6.21E+11 | 4.74E+11 | 5.82E+11 | 6.31E+11 | 7.24E+11 | 8.03E+11
# Ni-63 atoms/g 304 SS (atoms), due to this 310E+10 | 1.93E+11 | 3.23E+11 | 1.49E+11 | 3.18E+11 | 3.62E+11 | 5.26E+11 | 4.04E+11 | 5.00E+11 | 5.46E+11 | 6.30E+11 | 7.04E+11
year irradiation, in 1994
Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 9.84E+11 | 8.92E+11 | 8.97E+11 | 8.70E+11 | 8.87E+11 | 7.45E+11 | 6.59E+11 | 6.86E+11 | 7.40E+11 | 8.27E+11 | 7.04E+11 | 9.08E+11
# Ni-63 atoms/g 304 SS (atoms), due to this 8.69E+11 | 7.93E+11 | 8.03E+11 | 7.84E+11 | 8.05E+11 | 6.81E+11 | 6.06E+11 | 6.35E+11 | 6.91E+11 | 7.77E+11 | 7.52E+11 | 8.65E+11
year irradiation, in 1994
Year 1988 1989 1990 1991 1992 1993 1994
MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400
Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07
~Decay time (s) 1.80E+08 | 1.58E+08 | 126E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00
# Ni-63 atoms/g 304 SS (atoms) at year end 9.73E+11 | 447E+11 | 1.27E+12 | 3.00E+11 | 6.69E+11 | 4.85E+11 | 4 14E+11
# Ni-63 atoms/g 304 SS (atoms), due to this 9.34E+11 | 431E+11 | 1.24E+12 | 293E+11 | 6.60E+11 | 481E+11 | 4.14E+11
year irradiation, in 1994
Total Ni-63 atoms @ End of irradiation (atoms) 1.82E+13
1994 Ni-63 Specific Activity (Cilg 304 SS) 1.08E-07
2009 Ni-63 Specific Activity (Ci/g 304 SS) 9.73E-08




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Neutron Shield, 5th Row Can

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 100 of 151

~¢ (n/cm?-s) 1.50E+07

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 7ABE+09 | 4.43E+10 | 7.35E+10 | 3.37E+10 | 7.15E+10 | 8.07E+10 | 1.16E+11 | 8.88E+10 | 1.09E+11 | 1.18E+11 | 1.36E+11 | 1.51E+11
# Ni-63 atoms/g 304 SS (atoms), due to this 581E+09 | 3.63E+10 | 6.06E+10 | 2.80E+10 | 5.97E+10 | 6.78E+10 | 9.85E+10 | 7.57E+10 | 9.38E+10 | 1.02E+11 | 1.18E+11 | 1.32E+11
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.85E+11 | 1.67E+11 | 1.68E+11 | 1.63E+11 | 1.66E+11 | 1.40E+11 | 1.23E+11 | 1.29E+11 | 1.39E+11 | 1.55E+11 | 1.49E+11 | 1.70E+11
# Ni-63 atoms/g 304 SS (atoms), due to this 1.63E+11 | 149E+11 | 151E+11 | 1.47E+11 | 1.51E+11 | 1.28E+11 | 1.14E+11 | 1.19E+11 | 1.29E+11 | 1.46E+11 | 1.41E+11 | 1.62E+11
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 113E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 1.83E+11 8.37E+10 2.38E+11 | 5.62E+10 | 1.26E+11 | 9.09E+10 | 7.76E+10

# Ni-63 atoms/g 304 SS (atoms), due to this 1.75E+11 | 8.09E+10 | 2.32E+11 | 5.50E+10 | 1.24E+11 | 9.02E+10 | 7.76E+10

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 3.41E+12

1994 Ni-63 Specific Activity (Cilg 304 SS) 2.02E-08

2009 Ni-63 Specific Activity (Ci/g 304 SS) 1.82E-08
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~¢ (n/cm?-s) 4.00E+06

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | B8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.91E+09 | 1.18E+10 | 1.96E+10 | 8.99E+09 | 1.91E+10 | 2.15E+10 | 3.10E+10 | 2.37E+10 | 2.91E+10 | 316E+10 | 3.62E+10 | 4.01E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 1.55E+09 | 9.67E+09 | 1.62E+10 | 7.46E+09 | 1.59E+10 | 1.81E+10 | 2.63E+10 | 2.02E+10 | 2.50E+10 | 2.73E+10 | 3.15E+10 | 3.52E+10
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 4.92E+10 | 4.46E+10 | 4.49E+10 | 4.35E+10 | 4.43E+10 | 3.73E+10 | 3.29E+10 | 3.43E+10 | 3.70E+10 | 4 13E+10 | 3.97E+10 | 4.54E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 4.34E+10 | 3.96E+10 | 4.02E+10 | 3.92E+10 | 4.02E+10 | 3.41E+10 | 3.03E+10 | 3.18E+10 | 3.45E+10 | 3.88E+10 | 3.76E+10 | 4.33E+10
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 126E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 4.87E+10 2.23E+10 6.36E+10 | 1.50E+10 | 3.35E+10 | 2.42E+10 | 2.07E+10

# Ni-63 atoms/g 304 SS (atoms), due to this 4.67E+10 | 2.16E+10 | 6.18E+10 | 1.47E+10 | 3.30E+10 | 2.41E+10 | 2.07E+10

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 9.10E+11

1994 Ni-63 Specific Activity (Cilg 304 SS) 5 40E-09

2009 Ni-63 Specific Activity (Ci/g 304 SS) 4.86E-09
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~¢ (n/cm?-s) 1.00E+08

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | B8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 477E+10 | 2.96E+11 | 4.90E+11 | 2.25E+11 | 4.77E+11 | 5.38E+11 | 7.76E+11 | 5.92E+11 | 7.28E+11 | 7.80E+11 | 9.05E+11 | 1.00E+12
# Ni-63 atoms/g 304 SS (atoms), due to this 3.88E+10 | 2.42E+11 | 4.04E+11 | 1.86E+11 | 3.98E+11 | 4.52E+11 | 6.57E+11 | 5.05E+11 | 6.25E+11 | 6.82E+11 | 7.88E+11 | 8.80E+11
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 123E+12 | 1.11E+12 | 112E+12 | 1.09E+12 | 1 11E+12 | 9.32E+11 | 8.23E+11 | 8.57E+11 | 9.25E+11 | 1.03E+12 | 9.93E+11 | 1.14E+12
# Ni-63 atoms/g 304 SS (atoms), due to this 1.09E+12 | 9.91E+11 | 1.00E+12 | 9.81E+11 | 1.01E+12 | 8.52E+11 | 7.58E+11 | 7.94E+11 | 8.63E+11 | 9.71E+11 | 9.39E+11 | 1.08E+12
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 126E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 1.22E+12 5.58E+11 1.59E+12 | 3.75E+11 | 8.37E+11 | 6.06E+11 | 5.17E+11

# Ni-63 atoms/g 304 SS (atoms), due to this 117E+12 | 5.39E+11 | 1.55E+12 | 3.67E+11 | 8.25E+11 | 6.02E+11 | 5.17E+11

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 2.27E+13

1994 Ni-63 Specific Activity (Cilg 304 SS) 1.35E-07

2009 Ni-63 Specific Activity (Ci/g 304 SS) 1.22E-07
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~¢ (n/cm?-s) 9.00E+05

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.80E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 420E+08 | 2.66E+09 | 4.41E+09 | 2.02E+00 | 4.29E+09 | 4.84E+09 | 6.98E+09 | 5.33E+09 | 6.55E+09 | 7.10E+09 | 8 14E+09 | 9.03E+09
# Ni-63 atoms/g 304 SS (atoms), due to this 349E+08 | 2.18E+09 | 3.63E+09 | 1.68E+09 | 3.58E+09 | 4.07E+09 | 5.91E+09 | 4.54E+09 | 5.63E+09 | 6.14E+09 | 7.09E+09 | 7.92E+09
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 306000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 505E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.11E+10 | 1.00E+10 | 1.01E+10 | 9.79E+09 | 9.97E+09 | 8.39E+09 | 7.41E+09 | 7.71E+09 | 8.33E+09 | 9.30E+09 | 8.94E+09 | 1.02E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 0.77E+09 | 8.92E+09 | 9.04E+09 | 8.82E+09 | 9.05E+09 | 7.66E+09 | 6.82E+09 | 7.15E+09 | 7.77E+09 | 8.74E+09 | 8.45E+09 | 9.73E+09
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 158E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 1.10E+10 | 5.02E+09 | 1.43E+10 | 3.37E+09 | 7.53E+09 | 5.45E+09 | 4.66E+09

# Ni-63 atoms/g 304 SS (atoms), due to this 1.05E+10 | 4.85E+09 | 1.39E+10 | 3.30E+09 | 7.43E+09 | 5.41E+09 | 4.66E+09

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 2.05E+11

1994 Ni-63 Specific Activity (Cilg 304 SS) 1.21E-09

2009 Ni-63 Specific Activity (Ci/g 304 SS) 1.09E-09




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Upper Grid Plate

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 104 of 151

~¢ (n/cm?-s) 2.00E+10

Aot (s 2.20E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 0.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 954E+12 | 591E+13 | 9.80E+13 | 4.50E+13 | 9.53E+13 | 1.08E+14 | 1.55E+14 | 1.18E+14 | 1.46E+14 | 1.58E+14 | 1.81E+14 | 2.01E+14
# Ni-63 atoms/g 304 SS (atoms), due to this 775E+12 | 4.84E+13 | 8.08E+13 | 3.73E+13 | 7.96E+13 | 9.05E+13 | 1.31E+14 | 1.01E+14 | 1.25E+14 | 1.36E+14 | 1.58E+14 | 1.76E+14
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 306000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 246E+14 | 223E+14 | 224E+14 | 218E+14 | 2.22E+14 | 1.86E+14 | 1.65E+14 | 1.71E+14 | 1.85E+14 | 2.07E+14 | 1.99E+14 | 2.27E+14
# Ni-63 atoms/g 304 SS (atoms), due to this 217E+14 | 198E+14 | 2.01E+14 | 1.96E+14 | 2.01E+14 | 1.70E+14 | 1.52E+14 | 1.59E+14 | 1.73E+14 | 1.04E+14 | 1.88E+14 | 2.16E+14
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 113E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 243E+14 | 112E+14 | 3.18E+14 | 7.49E+13 | 1.67E+14 | 1.21E+14 | 1.03E+14

# Ni-63 atoms/g 304 SS (atoms), due to this 2.33E+14 | 1.08E+14 | 3.09E+14 | 7.34E+13 | 1.65E+14 | 1.20E+14 | 1.03E+14

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 4.55E+15

1994 Ni-63 Specific Activity (Cilg 304 SS) 2.70E-05

2009 Ni-63 Specific Activity (Ci/g 304 SS) 2.43E-05




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Inner Connecting Tubes/High Pressure Coolant

Baffle/Safety Rod Adapters

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 105 of 151

~¢ (n/cm>-s) 2.90E+10

Az (8 2.20E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | B8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.38E+13 | 857E+13 | 1.42E+14 | 6.52E+13 | 1.38E+14 | 1.56E+14 | 2.25E+14 | 1.72E+14 | 2.11E+14 | 2.20E+14 | 2.62E+14 | 2.91E+14
# Ni-63 atoms/g 304 SS (atoms), due to this 112E+13 | 7.01E+13 | 1.17E+14 | 5.41E+13 | 1.15E+14 | 1.31E+14 | 1.90E+14 | 1.46E+14 | 1.81E+14 | 1.98E+14 | 2.28E+14 | 2.55E+14
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 357E+14 | 3.23E+14 | 3.25E+14 | 3.15E+14 | 3.21E+14 | 2.70E+14 | 2.39E+14 | 2.49E+14 | 2.68E+14 | 3.00E+14 | 2.88E+14 | 3.29E+14
# Ni-63 atoms/g 304 SS (atoms), due to this 315E+14 | 2.87E+14 | 2.91E+14 | 2.84E+14 | 2.92E+14 | 2.47E+14 | 2.20E+14 | 2.30E+14 | 2.50E+14 | 2.82E+14 | 2.72E+14 | 3.14E+14
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2.47E+07 1.13E+07 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 353E+14 | 162E+14 | 4.61E+14 | 1.09E+14 | 2.43E+14 | 1.76E+14 | 1.50E+14

# Ni-63 atoms/g 304 SS (atoms), due to this 3.38E+14 | 1.56E+14 | 4.48E+14 | 1.06E+14 | 2.39E+14 | 1.74E+14 | 1.50E+14

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 6.60E+15

1994 Ni-63 Specific Activity (Ci/g 304 SS) 3.91E-05

2009 Ni-63 Specific Activity (Ci/g 304 SS) 3.53E-05




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Lower Grid Plate/Outer Wall

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 106 of 151

~¢ (n/cm?-s) 2.10E+10

Aot (s 2.20E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.00E+13 | 6.21E+13 | 1.03E+14 | 4.72E+13 | 1.00E+14 | 1.13E+14 | 1.63E+14 | 124E+14 | 1.53E+14 | 1.66E+14 | 1.900E+14 | 2 11E+14
# Ni-63 atoms/g 304 SS (atoms), due to this 8.14E+12 | 5.08E+13 | 8.48E+13 | 3.02E+13 | 8.36E+13 | 9.50E+13 | 1.38E+14 | 1.06E+14 | 1.31E+14 | 1.43E+14 | 1.65E+14 | 1.85E+14
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 258E+14 | 2.34E+14 | 2.36E+14 | 2.28E+14 | 2.33E+14 | 1.96E+14 | 1.73E+14 | 1.80E+14 | 1.04E+14 | 217E+14 | 2.090E+14 | 2.38E+14
# Ni-63 atoms/g 304 SS (atoms), due to this 228E+14 | 2.08E+14 | 2.11E+14 | 2.06E+14 | 2.11E+14 | 1.79E+14 | 1.50E+14 | 1.67E+14 | 1.81E+14 | 2.04E+14 | 1.97E+14 | 2.27E+14
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 256E+14 | 1.17E+14 | 3.34E+14 | 7.87E+13 | 1.76E+14 | 127E+14 | 1.09E+14

# Ni-63 atoms/g 304 SS (atoms), due to this 245E+14 | 1.13E+14 | 3.25E+14 | 7.70E+13 | 1.73E+14 | 1.26E+14 | 1.09E+14

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 4.78E+15

1994 Ni-63 Specific Activity (Cilg 304 SS) 2.83E-05

2009 Ni-63 Specific Activity (Ci/g 304 SS) 2.55E-05




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Low Pressure Baffle/Low Pressure Plenum Walls

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 107 of 151

~¢ (n/cm?-s) 5.50E+09

Aot (s 2.20E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 262E+12 | 1.63E+13 | 2.70E+13 | 1.24E+13 | 2.62E+13 | 2.96E+13 | 4. 27E+13 | 3.26E+13 | 4.00E+13 | 4.34E+13 | 4.98E+13 | 5.52E+13
# Ni-63 atoms/g 304 SS (atoms), due to this 213E+12 | 1.33E+13 | 2.22E+13 | 1.03E+13 | 2.19E+13 | 2.49E+13 | 3.61E+13 | 2.78E+13 | 3.44E+13 | 3.75E+13 | 4.33E+13 | 4.84E+13
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 6.77E+13 | 6.13E+13 | 6.17E+13 | 5.98E+13 | 610E+13 | 5.12E+13 | 4. 53E+13 | 4.71E+13 | 5.09E+13 | 5.68E+13 | 546E+13 | 6.24E+13
# Ni-63 atoms/g 304 SS (atoms), due to this 597E+13 | 545E+13 | 5.52E+13 | 5.39E+13 | 5.53E+13 | 4.68E+13 | 4.17E+13 | 4.37E+13 | 4.75E+13 | 5.34E+13 | 5.17E+13 | 5.95E+13
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 6.69E+13 3.07E+13 8.74E+13 | 2.06E+13 | 4.60E+13 | 3.33E+13 | 2.85E+13

# Ni-63 atoms/g 304 SS (atoms), due to this 6.42E+13 | 2.97E+13 | 8.50E+13 | 2.02E+13 | 4.54E+13 | 3.31E+13 | 2.85E+13

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 1.25E+15

1994 Ni-63 Specific Activity (Cilg 304 SS) 7 42E-06

2009 Ni-63 Specific Activity (Ci/g 304 SS) 6.69E-06




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Low Pressure Plenum Bottom Plate

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 108 of 151

~¢ (n/cm?-s) 3.00E+07

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.43E+10 | 8.87E+10 | 147E+11 | 6.74E+10 | 1.43E+11 | 1.61E+11 | 2.33E+11 | 1.78E+11 | 2.18E+11 | 2.37E+11 | 2.71E+11 | 3.01E+11
# Ni-63 atoms/g 304 SS (atoms), due to this 116E+10 | 7.25E+10 | 1.21E+11 | 5.59E+10 | 1.19E+11 | 1.36E+11 | 1.97E+11 | 1.51E+11 | 1.88E+11 | 2.05E+11 | 2.36E+11 | 2.64E+11
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 369E+11 | 3.34E+11 | 3.37E+11 | 3.26E+11 | 3.32E+11 | 2.80E+11 | 2.47E+11 | 2.67E+11 | 2.78E+11 | 310E+11 | 2.98E+11 | 3 41E+11
# Ni-63 atoms/g 304 SS (atoms), due to this 326E+11 | 2.97E+11 | 3.01E+11 | 2.94E+11 | 3.02E+11 | 2.55E+11 | 2.27E+11 | 2.38E+11 | 2.50E+11 | 2.91E+11 | 2.82E+11 | 3.24E+11
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 365E+11 | 1.67E+11 | 4.77E+11 | 1.12E+11 | 2.51E+11 | 1.82E+11 | 1.55E+11

# Ni-63 atoms/g 304 SS (atoms), due to this 3.50E+11 | 162E+11 | 4.64E+11 | 1.10E+11 | 2.48E+11 | 1.80E+11 | 1.55E+11

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 6.82E+12

1994 Ni-63 Specific Activity (Cilg 304 SS) 4.05E-08

2009 Ni-63 Specific Activity (Ci/g 304 SS) 3.65E-08




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Vessel Leveling Plate

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 109 of 151

~¢ (n/cm?-s) 3.00E+06

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 | 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 143E+09 | 8.87E+09 | 1.47E+10 | 6.74E+09 | 1.43E+10 | 1.61E+10 | 2.33E+10 | 1.78E+10 | 2.18E+10 | 2.37E+10 | 2.71E+10 | 3.01E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 116E+09 | 7.25E+09 | 1.21E+10 | 5.59E+09 | 1.19E+10 | 1.36E+10 | 1.97E+10 | 1.51E+10 | 1.88E+10 | 2.05E+10 | 2.36E+10 | 2.64E+10
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 3.69E+10 | 3.34E+10 | 3.37E+10 | 3.26E+10 | 3.32E+10 | 2.80E+10 | 2.47E+10 | 2.57E+10 | 2.78E+10 | 3.10E+10 | 2.98E+10 | 3.41E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 3.26E+10 | 2.97E+10 | 3.01E+10 | 2.94E+10 | 3.02E+10 | 2.55E+10 | 2.27E+10 | 2.38E+10 | 2.59E+10 | 2.91E+10 | 2.82E+10 | 3.24E+10
year irradiation, in 1994

Year 1088 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 113E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 3.65E+10 1.67E+10 4.77E+10 | 1.12E+10 | 2.51E+10 | 1.82E+10 | 1.55E+10

# Ni-63 atoms/g 304 SS (atoms), due to this 3.50E+10 | 1.62E+10 | 4.64E+10 | 1.10E+10 | 2.48E+10 | 1.80E+10 | 1.55E+10

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 6.82E+11

1994 Ni-63 Specific Activity (Cilg 304 SS) 4.05E-09

2009 Ni-63 Specific Activity (Ci/g 304 SS) 3.65E-00
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~¢ (n/cm®-s) 3.20E+11

Aot (s 2.27E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 0.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | O.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.22E+09 | 7.57E+09 | 126E+10 | 5.76E+09 | 1.22E+10 | 1.38E+10 | 1.99E+10 | 1.52E+10 | 1.87E+10 | 2.02E+10 | 2.32E+10 | 2.57E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 0.89E+08 | 6.17E+09 | 1.03E+10 | 4.76E+09 | 1.02E+10 | 1.15E+10 | 1.68E+10 | 1.29E+10 | 1.60E+10 | 1.74E+10 | 2.01E+10 | 2.25E+10
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 | 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 315E+10 | 2.86E+10 | 2.87E+10 | 2.79E+10 | 2.84E+10 | 2.39E+10 | 2.11E+10 | 2.20E+10 | 2.37E+10 | 2.65E+10 | 2.54E+10 | 2.91E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 2.78E+10 | 2.53E+10 | 2.57E+10 | 2.51E+10 | 2.57E+10 | 2.18E+10 | 1.94E+10 | 2.03E+10 | 2.21E+10 | 2.49E+10 | 2.40E+10 | 2.77E+10
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 | 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 312E+10 | 143E+10 | 4.07E+10 | 9.60E+09 | 2.14E+10 | 1.55E+10 | 1.33E+10

# Ni-63 atoms/g 304 SS (atoms), due to this 2.99E+10 | 1.38E+10 | 3.96E+10 | 9.40E+09 | 2.11E+10 | 1.54E+10 | 1.33E+10

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 5.82E+11

1994 Ni-63 Specific Activity (Ci/g Graphite) 3.45E-09

2009 Ni-63 Specific Activity (Ci/g Graphite) 3.11E-09
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~¢ (n/cm?-s) 3.20E+11

Aot (s 2.27E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 947E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 1.22E+09 | 7.57E+09 | 1.26E+10 | 5.76E+09 | 1.22E+10 | 1.38E+10 | 1.99E+10 | 1.52E+10 | 1.87E+10 | 2.02E+10 | 2.32E+10 | 2.57E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 9.89E+08 | 6.17E+09 | 1.03E+10 | 4.76E+09 | 1.02E+10 | 1.15E+10 | 1.68E+10 | 1.29E+10 | 1.60E+10 | 1.74E+10 | 2.01E+10 | 2.25E+10
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g 304 SS (atoms) at year end 315E+10 | 2.86E+10 | 2.87E+10 | 2.79E+10 | 2.84E+10 | 2.39E+10 | 2.11E+10 | 2.20E+10 | 2.37E+10 | 2.65E+10 | 2.54E+10 | 2.91E+10
# Ni-63 atoms/g 304 SS (atoms), due to this 2.78E+10 | 2.53E+10 | 2.57E+10 | 2.51E+10 | 2.57E+10 | 2.18E+10 | 1.94E+10 | 2.03E+10 | 2.21E+10 | 2.49E+10 | 2.40E+10 | 2.77E+10
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 113E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g 304 SS (atoms) at year end 3.12E+10 1.43E+10 4.07E+10 | 9.60E+09 | 2.14E+10 | 1.55E+10 | 1.33E+10

# Ni-63 atoms/g 304 SS (atoms), due to this 2099E+10 | 1.38E+10 | 3.96E+10 | 9.40E+09 | 2.11E+10 | 1.54E+10 | 1.33E+10

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 5.82E+11

1994 Ni-63 Specific Activity (Ci/g Graphite) 3.45E-09

2009 Ni-63 Specific Activity (Cilg Graphite) 311E-09
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~¢ (n/cm?-s) 1.40E+11

Aot (s 2.23E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g graphite (atoms) at year end 5.35E+08 3.31E+09 5.50E+09 | 2.52E+09 | 5.34E+09 | 6.03E+09 | 8.70E+09 | 6.64E+09 | 8.16E+09 | 8.85E+09 | 1.01E+10 | 1.13E+10
# Ni-63 atoms/g graphite (atoms), due to this 4.34E+08 | 2.71E+09 | 4.52E+09 | 2.09E+09 | 4.46E+09 | 5.06E+09 | 7.35E+09 | 5.65E+09 | 7.00E+09 | 7.64E+09 | 8.82E+09 | 9.85E+09
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 2.50E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g graphite (atoms) at year end 1.38E+10 | 1.25E+10 | 1.26E+10 | 1.22E+10 | 1.24E+10 | 1.04E+10 | 9.23E+09 | 9.61E+09 | 1.04E+10 | 1.16E+10 | 1.11E+10 | 1.27E+10
# Ni-63 atoms/g graphite (atoms), due to this 1.22E+10 | 1.11E+10 | 1.12E+10 | 1.10E+10 | 1.13E+10 | 9.54E+09 | 8.49E+09 | 8.90E+09 | 9.67E+09 | 1.09E+10 | 1.05E+10 | 1.21E+10
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2.47E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g graphite (atoms) at year end 1.36E+10 6.26E+09 1.78E+10 | 4.20E+09 | 9.38E+09 | 6.79E+09 | 5.80E+09

# Ni-63 atoms/g graphite (atoms), due to this 1.31E+10 | 6.04E+09 | 1.73E+10 | 4.11E+09 | 9.25E+09 | 6.74E+09 | 5.80E+09

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 2.55E+11

1994 Ni-63 Specific Activity (Ci/g Graphite) 1.51E-09

2009 Ni-63 Specific Activity (Ci/g Graphite) 1.36E-09
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~¢ (n/cm?-s) 5.50E+07

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 0.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 047E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g graphite (atoms) at year end 210E+05 | 1.30E+06 | 2.16E+06 | 9.90E+05 | 2.10E+06 | 2.37E+06 | 3.42E+06 | 2.61E+06 | 3.21E+06 | 3.48E+06 | 3.98E+06 | 4.42E+06
# Ni-63 atoms/g graphite (atoms), due to this 1.71E+05 | 1.07E+06 | 1.78E+06 | 8.21E+05 | 1.75E+06 | 1.09E+06 | 2.89E+06 | 2.22E+06 | 2.75E+06 | 3.01E+06 | 3.47E+06 | 3.88E+06
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1087
MW, Hr 434400 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled lrradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g graphite (atoms) at year end 5.42E+06 4.91E+06 4.94E+06 | 4.79E+06 | 4.88E+06 | 4.10E+06 | 3.63E+06 | 3.78E+06 | 4.07E+06 | 4.55E+06 | 4.37E+06 | 5.00E+06
# Ni-63 atoms/g graphite (atoms), due to this 478E+06 | 4.37E+06 | 4.42E+06 | 4.32E+06 | 4.43E+06 | 3.75E+06 | 3.34E+06 | 3.50E+06 | 3.80E+06 | 4.28E+06 | 4.14E+06 | 4.76E+06
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled lrradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g graphite (atoms) at year end 5.36E+06 2.46E+06 7.00E+06 | 1.65E+06 | 3.69E+06 | 2.67E+06 | 2.28E+06

# Ni-63 atoms/g graphite (atoms), due to this 514E+06 | 2.37E+06 | 6.81E+06 | 1.62E+06 | 3.63E+06 | 2.65E+06 | 2.28E+06

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 1.00E+08

1994 Ni-63 Specific Activity (Ci/g Graphite) 5.94E-13

2009 Ni-63 Specific Activity (Ci/g Graphite) 5.36E-13
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~¢ (n/cm?-s) 3.50E+08

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g graphite (atoms) at year end 1.34E+06 8.28E+06 | 1.37E+07 | 6.30E+06 | 1.34E+07 | 1.51E+07 | 2.17E+07 | 1.66E+07 | 2.04E+07 | 2.21E+07 | 2.54E+07 | 2.81E+07
# Ni-63 atoms/g graphite (atoms), due to this 1.09E+06 6.78E+06 | 1.13E+07 | 5.23E+06 | 1.12E+07 | 1.27E+07 | 1.84E+07 | 1.42E+07 | 1.75E+07 | 1.91E+07 | 2.21E+07 | 2.47E+07
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 2.50E+07 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g graphite (atoms) at year end 3.45E+07 3.12E+07 | 3.14E+07 | 3.05E+07 | 3.11E+07 | 2.61E+07 | 2.31E+07 | 2.40E+07 | 2.59E+07 | 2.90E+07 | 2.78E+07 | 3.18E+07
# Ni-63 atoms/g graphite (atoms), due to this 3.04E+07 2.78E+07 | 2.81E+07 | 2.75E+07 | 2.82E+07 | 2.39E+07 | 2.12E+07 | 2.23E+07 | 2.42E+07 | 2.72E+07 | 2.63E+07 | 3.03E+07
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2 47E+07 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 158E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g graphite (atoms) at year end 3.41E+07 1.56E+07 445E+07 | 1.05E+07 | 2.35E+07 | 1.70E+07 | 1.45E+Q7

# Ni-63 atoms/g graphite (atoms), due to this 3.27E+07 | 1.51E+07 | 4.33E+07 | 1.03E+07 | 2.31E+07 | 1.69E+07 | 1.45E+07

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 6.38E+08

1994 Ni-63 Specific Activity (Ci/g Graphite) 3.78E-12

2009 Ni-63 Specific Activity (Ci/g Graphite) 3.41E-12
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~¢ (n/cm?-s) 3.30E+06

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g graphite (atoms) at year end 1.26E+04 | 7.81E+04 | 1.30E+05 | 5.94E+04 | 1.26E+05 | 1.42E+05 | 2.05E+05 | 1.56E+05 | 1.92E+05 | 2.09E+05 | 2.39E+05 | 2.65E+05
# Ni-63 atoms/g graphite (atoms), due to this 1.02E+04 | 6.39E+04 | 1.07E+05 | 4.93E+04 | 1.05E+05 | 1.20E+05 | 1.74E+05 | 1.33E+05 | 1.65E+05 | 1.80E+05 | 2.08E+05 | 2.33E+05
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 | 393600 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 250E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 568E+08 | 536E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4 10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g graphite (atoms) at year end 3.25E+05 | 2.95E+05 | 2.96E+05 | 2.87E+05 | 2.93E+05 | 2.46E+05 | 2.18E+05 | 2.27E+05 | 2.44E+05 | 2.73E+05 | 2.62E+05 | 3.00E+05
# Ni-63 atoms/g graphite (atoms), due to this 287E+05 | 2.62E+05 | 2.65E+05 | 2.59E+05 | 2.66E+05 | 2.25E+05 | 2.00E+05 | 2.10E+05 | 2.28E+05 | 2.57E+05 | 2.48E+05 | 2.86E+05
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 247E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g graphite (atoms) at year end 3.22E+05 | 1.48E+05 4.20E+05 | 9.90E+04 | 2.21E+05 | 1.60E+05 | 1.37E+05

# Ni-63 atoms/g graphite (atoms), due to this 3.08E+05 | 142E+05 | 4.08E+05 | 9.69E+04 | 2.18E+05 | 1.59E+05 | 1.37E+05

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 6.01E+06

1994 Ni-63 Specific Activity (Ci/g Graphite) 3.56E-14

2009 Ni-63 Specific Activity (Ci/g Graphite) 3.21E-14




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Outer Shield, 5th Row Graphite

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 117 of 151

~¢ (n/cm?-s) 3.50E+06

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g graphite (atoms) at year end 1.34E+04 | 8.28E+04 | 1.37E+05 | 6.30E+04 | 1.34E+05 | 1.51E+05 | 2.17E+05 | 1.66E+05 | 2.04E+05 | 2.21E+05 | 2.54E+05 | 2.81E+05
# Ni-63 atoms/g graphite (atoms), due to this 1.09E+04 | 6.78E+04 | 1.13E+05 | 5.23E+04 | 1.12E+05 | 1.27E+05 | 1.84E+05 | 1.42E+05 | 1.75E+05 | 1.91E+05 | 2.21E+05 | 2.47E+05
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 2.50E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g graphite (atoms) at year end 3.45E+05 | 3.12E+05 | 3.14E+05 | 3.05E+05 | 3.11E+05 | 2.61E+05 | 2.31E+05 | 2.40E+05 | 2.59E+05 | 2.90E+05 | 2.78E+05 | 3.18E+05
# Ni-63 atoms/g graphite (atoms), due to this 3.04E+05 | 2.78E+05 | 2.81E+05 | 2.75E+05 | 2.82E+05 | 2.39E+05 | 2.12E+05 | 2.23E+05 | 2.42E+05 | 2.72E+05 | 2.63E+05 | 3.03E+05
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2.47E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g graphite (atoms) at year end 3.41E+05 1.56E+05 4.45E+05 | 1.05E+05 | 2.35E+05 | 1.70E+05 | 1.45E+05

# Ni-63 atoms/g graphite (atoms), due to this 3.27E+05 | 1.51E+05 | 4.33E+05 | 1.03E+05 | 2.31E+05 | 1.69E+05 | 1.45E+05

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 6.38E+06

1994 Ni-63 Specific Activity (Ci/g Graphite) 3.78E-14

2009 Ni-63 Specific Activity (Ci/g Graphite) 3.41E-14




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Upper Neutron Shield, 1st Row Graphite

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 118 of 151

~¢ (n/cm?-s) 2.50E+09

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 0.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g graphite (atoms) at year end 9.55E+06 | 5.92E+07 | 9.81E+07 | 4.50E+07 | 9.54E+07 | 1.08E+08 | 1.55E+08 | 1.19E+08 | 1.46E+08 | 1.58E+08 | 1.81E+08 | 2.01E+08
# Ni-63 atoms/g graphite (atoms), due to this 7.76E+06 | 4.84E+07 | 8.08E+07 | 3.73E+07 | 7.97E+07 | 9.05E+07 | 1.32E+08 | 1.01E+08 | 1.25E+08 | 1.37E+08 | 1.58E+08 | 1.76E+08
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 2.50E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g graphite (atoms) at year end 2.46E+08 | 2.23E+08 | 2.25E+08 | 2.18E+08 | 2.22E+08 | 1.87E+08 | 1.65E+08 | 1.72E+08 | 1.85E+08 | 2.07E+08 | 1.99E+08 | 2.27E+08
# Ni-63 atoms/g graphite (atoms), due to this 2.17E+08 | 1.98E+08 | 2.01E+08 | 1.96E+08 | 2.01E+08 | 1.70E+08 | 1.52E+08 | 1.59E+08 | 1.73E+08 | 1.94E+08 | 1.88E+08 | 2.17E+08
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2.47E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g graphite (atoms) at year end 2.44E+08 | 1.12E+08 3.18E+08 | 7.50E+07 | 1.68E+08 | 1.21E+08 | 1.04E+08

# Ni-63 atoms/g graphite (atoms), due to this 2.34E+08 | 1.08E+08 | 3.09E+08 | 7.34E+07 | 1.65E+08 | 1.20E+08 | 1.04E+08

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 4.55E+09

1994 Ni-63 Specific Activity (Ci/g Graphite) 2.70E-11

2009 Ni-63 Specific Activity (Ci/g Graphite) 2.43E-11




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Neutron Shield, 2nd Row Graphite

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 119 of 151

~¢ (n/cm?-s) 1.00E+09

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g graphite (atoms) at year end 3.82E+06 | 2.37E+07 | 3.93E+07 | 1.80E+07 | 3.82E+07 | 4.31E+07 | 6.21E+07 | 4.74E+07 | 5.83E+07 | 6.32E+07 | 7.24E+07 | 8.04E+07
# Ni-63 atoms/g graphite (atoms), due to this 3.10E+06 | 1.94E+07 | 3.23E+07 | 1.49E+07 | 3.19E+07 | 3.62E+07 | 5.26E+07 | 4.04E+07 | 5.01E+07 | 5.46E+07 | 6.31E+07 | 7.05E+07
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 2.50E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g graphite (atoms) at year end 9.85E+07 | 8.93E+07 | 8.98E+07 | 8.71E+07 | 8.87E+07 | 7.46E+07 | 6.59E+07 | 6.86E+07 | 7.41E+07 | 8.28E+07 | 7.95E+07 | 9.09E+07
# Ni-63 atoms/g graphite (atoms), due to this 8.70E+07 | 7.94E+07 | 8.04E+07 | 7.85E+07 | 8.05E+07 | 6.82E+07 | 6.07E+07 | 6.36E+07 | 6.91E+07 | 7.78E+07 | 7.52E+07 | 8.66E+07
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2.47E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g graphite (atoms) at year end 9.74E+07 4 47E+07 1.27E+08 | 3.00E+07 | 6.70E+07 | 4.85E+07 | 4.14E+Q7

# Ni-63 atoms/g graphite (atoms), due to this 0.35E+07 | 4.32E+07 | 1.24E+08 | 2.94E+07 | 6.61E+07 | 4.82E+07 | 4.14E+07

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 1.82E+09

1994 Ni-63 Specific Activity (Ci/g Graphite) 1.08E-11

2009 Ni-63 Specific Activity (Ci/g Graphite) 9.74E-12




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Upper Neutron Shield, 3rd Row Graphite

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 120 of 151

~¢ (n/cm?-s) 2.50E+08

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g graphite (atoms) at year end 9.55E+05 | 5.92E+06 | 9.81E+06 | 4.50E+06 | 9.54E+06 | 1.08E+07 | 1.55E+07 | 1.19E+07 | 1.46E+07 | 1.58E+07 | 1.81E+07 | 2.01E+07
# Ni-63 atoms/g graphite (atoms), due to this 7.76E+05 | 4.84E+06 | 8.08E+06 | 3.73E+06 | 7.97E+06 | 9.05E+06 | 1.32E+07 | 1.01E+07 | 1.25E+07 | 1.37E+07 | 1.58E+07 | 1.76E+07
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 2.50E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g graphite (atoms) at year end 2.46E+07 | 2.23E+07 | 2.25E+07 | 2.18E+07 | 2.22E+07 | 1.87E+07 | 1.65E+07 | 1.72E+07 | 1.85E+07 | 2.07E+07 | 1.99E+07 | 2.27E+07
# Ni-63 atoms/g graphite (atoms), due to this 2.17E+07 | 1.98E+07 | 2.01E+07 | 1.96E+07 | 2.01E+07 | 1.70E+07 | 1.52E+07 | 1.59E+07 | 1.73E+07 | 1.94E+07 | 1.88E+07 | 2.17E+07
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2.47E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g graphite (atoms) at year end 2.44E+07 1.12E+07 3.18E+07 | 7.50E+06 | 1.68E+07 | 1.21E+07 | 1.04E+07

# Ni-63 atoms/g graphite (atoms), due to this 2.34E+07 | 1.08E+07 | 3.09E+07 | 7.34E+06 | 1.65E+07 | 1.20E+07 | 1.04E+07

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 4.55E+08

1994 Ni-63 Specific Activity (Ci/g Graphite) 2.70E-12

2009 Ni-63 Specific Activity (Ci/g Graphite) 2.43E-12




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Upper Neutron Shield, 4th Row Graphite

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194

Rev. 01

Page 121 of 151

~¢ (n/cm?-s) 8.00E+07

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g graphite (atoms) at year end 3.06E+05 | 1.89E+06 | 3.14E+06 | 1.44E+06 | 3.05E+06 | 3.45E+06 | 4.97E+06 | 3.79E+06 | 4.66E+06 | 5.06E+06 | 5.80E+06 | 6.43E+06
# Ni-63 atoms/g graphite (atoms), due to this 248E+05 | 1.55E+06 | 2.59E+06 | 1.19E+06 | 2.55E+06 | 2.90E+06 | 4.21E+06 | 3.24E+06 | 4.01E+06 | 4.37E+06 | 5.05E+06 | 5.64E+06
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 2.50E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g graphite (atoms) at year end 7.88E+06 7.14E+06 7.19E+06 | 6.97E+06 | 7.10E+06 | 5.97E+06 | 5.27E+06 | 5.49E+06 | 5.93E+06 | 6.62E+06 | 6.36E+06 | 7.27E+06
# Ni-63 atoms/g graphite (atoms), due to this 6.96E+06 | 6.35E+06 | 6.43E+06 | 6.28E+06 | 6.44E+06 | 5.46E+06 | 4.85E+06 | 5.09E+06 | 5.53E+06 | 6.22E+06 | 6.02E+06 | 6.93E+06
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2.47E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g graphite (atoms) at year end 7.79E+06 3.58E+06 1.02E+07 | 2.40E+06 | 5.36E+06 | 3.88E+06 | 3.31E+06

# NI-63 atoms/g graphite (atoms), due to this 748E+06 | 3.45E+06 | 9.90E+06 | 2.35E+06 | 5.20E+06 | 3.85E+06 | 3.31E+06

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 1.46E+08

1994 Ni-63 Specific Activity (Ci/g Graphite) 8.64E-13

2009 Ni-63 Specific Activity (Ci/g Graphite) 7.79E-13




441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Upper Neutron Shield, 5th Row Graphite

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

TBL-194
Rev. 01

Page 122 of 151

~¢ (n/cm?-s) 1.50E+07

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 172800 79200 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 0.47E+08 | 9.15E+08 | 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g graphite (atoms) at year end 5.73E+04 | 3.55E+05 | 5.89E+05 | 2.70E+05 | 5.72E+05 | 6.46E+05 | 9.32E+05 | 7.11E+05 | 8.75E+05 | 9.48E+05 | 1.09E+06 | 1.21E+06
# Ni-63 atoms/g graphite (atoms), due to this 4.66E+04 | 2.90E+05 | 4.85E+05 | 2.24E+05 | 4.78E+05 | 5.43E+05 | 7.89E+05 | 6.07E+05 | 7.51E+05 | 8.20E+05 | 9.46E+05 | 1.06E+06
year irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW, Hr 434400 393600 396000 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled Irradiation Time (s) 2.50E+07 | 2.27E+07 | 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 | 5.36E+08 | 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g graphite (atoms) at year end 148E+06 | 1.34E+06 | 1.35E+06 | 1.31E+06 | 1.33E+06 | 1.12E+06 | 9.89E+05 | 1.03E+06 | 1.11E+06 | 1.24E+06 | 1.19E+06 | 1.36E+06
# Ni-63 atoms/g graphite (atoms), due to this 1.30E+06 | 1.19E+06 | 1.21E+06 | 1.18E+06 | 1.21E+06 | 1.02E+06 | 9.10E+05 | 9.54E+05 | 1.04E+06 | 1.17E+06 | 1.13E+06 | 1.30E+06
year irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 561600 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2.47E+07 | 1.13E+07 | 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.80E+08 | 1.58E+08 | 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g graphite (atoms) at year end 1.46E+06 | 6.70E+05 1.91E+06 | 4.50E+05 | 1.01E+06 | 7.28E+05 | 6.21E+05

# Ni-63 atoms/g graphite (atoms), due to this 1.40E+06 | 6.48E+05 | 1.86E+06 | 4.41E+05 | 9.91E+05 | 7.23E+05 | 6.21E+05

year irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 2.73E+07

1994 Ni-63 Specific Activity (Ci/g Graphite) 1.62E-13

2009 Ni-63 Specific Activity (Ci/g Graphite) 1.46E-13
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Upper Neutron Shield, 6th Row Graphite

~p (n/cm®-s) 4.00E+06

Aot (s7) 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW,,Hr 16800 104160 172800 79200 168000 189600 273600 208800 256800 278400 319200 354240
Modeled Irradiation Time (s) 9.68E+05 6.00E+06 9.95E+06 | 4.56E+06 | 9.68E+06 | 1.09E+07 | 1.58E+07 | 1.20E+07 | 1.48E+07 | 1.60E+07 | 1.84E+07 | 2.04E+07
~Decay time (s) 9.47E+08 9.15E+08 8.84E+08 | 8.52E+08 | 8.20E+08 | 7.89E+08 | 7.57E+08 | 7.26E+08 | 6.94E+08 | 6.63E+08 | 6.31E+08 | 6.00E+08
# Ni-63 atoms/g graphite (atoms) at year end 1.53E+04 9.47E+04 1.57E+05 | 7.20E+04 | 1.53E+05 | 1.72E+05 | 2.48E+05 | 1.90E+05 | 2.33E+05 | 2.53E+05 | 2.90E+05 | 3.22E+05
# Ni-63 atoms/g graphite (atoms), due to this year 1.24E+04 7.75E+04 1.29E+05 | 5.97E+04 | 1.28E+05 | 1.45E+05 | 2.10E+05 | 1.62E+05 | 2.00E+05 | 2.19E+05 | 2.52E+05 | 2.82E+05
irradiation, in 1994

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
MW,Hr 434400 393600 396000 384000 391200 328800 290400 302400 326400 364800 350400 400800
Modeled Irradiation Time (s) 2.50E+07 2.27E+07 2.28E+07 | 2.21E+07 | 2.25E+07 | 1.89E+07 | 1.67E+07 | 1.74E+07 | 1.88E+07 | 2.10E+07 | 2.02E+07 | 2.31E+07
~Decay time (s) 5.68E+08 5.36E+08 5.05E+08 | 4.73E+08 | 4.42E+08 | 4.10E+08 | 3.79E+08 | 3.47E+08 | 3.16E+08 | 2.84E+08 | 2.52E+08 | 2.21E+08
# Ni-63 atoms/g graphite (atoms) at year end 3.94E+05 3.57E+05 3.50E+05 | 3.48E+05 | 3.55E+05 | 2.98E+05 | 2.64E+05 | 2.75E+05 | 2.96E+05 | 3.31E+05 | 3.18E+05 | 3.64E+05
# Ni-63 atoms/g graphite (atoms), due to this year 3.48E+05 3.17E+05 3.22E+05 3.14E+05 | 3.22E+05 | 2.73E+05 | 2.43E+05 | 2.54E+05 | 2.76E+05 | 3.11E+05 | 3.01E+05 | 3.46E+05
irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW,Hr 429600 196800 561600 132000 295200 213600 182400

Modeled Irradiation Time (s) 2 47TE+07 1.13E+07 3.23E+07 | 7.60E+06 | 1.70E+07 | 1.23E+07 | 1.05E+07

~Decay time (s) 1.89E+08 1.58E+08 1.26E+08 | 9.47E+07 | 6.31E+07 | 3.16E+07 | 0.00E+00

# Ni-63 atoms/g graphite (atoms) at year end 3.90E+05 1.79E+05 5.09E+05 1.20E+05 | 2.68E+05 | 1.94E+05 | 1.66E+05

# Ni-63 atoms/g graphite (atoms), due to this year 3.74E+05 1.73E+05 4.95E+05 1.18E+05 | 2.64E+05 | 1.93E+05 | 1.66E+05

irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 7.29E+06

1994 Ni-63 Specific Activity (Ci/g Graphite) 4.32E-14

2009 Ni-63 Specific Activity (Ci/g Graphite) 3.89E-14
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~@ (n/cm?-s) 1.00E+08

Aot (s 2.19E-10

Year 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
MW, Hr 16800 104160 | 172800 | 79200 | 168000 | 189600 | 273600 | 208800 | 256800 | 278400 | 319200 | 354240
Modeled Irradiation Time (s) 9.68E+05 | 6.00E+06 | 9.95E+06 |4.56E+06|9.68E+06|1.09E+07|1.58E+07 |1.20E+07]|1.48E+07 |1.60E+07|1.84E+07 |2.04E+07
~Decay time (s) 047E+08 | 9.15E+08 | 8.84E+08 |8.52E+08|8.20E+08|7.89E+08|7.57E+08|7.26E+08|6.94E+08|6.63E+08|6.31E+08|6.00E+08
# Ni-63 atoms/g Stellite (atoms) at year end 517E+09 | 3.20E+10 | 5.31E+10 |2.44E+10|5.16E+10|5.83E+10|8.40E+10|6.42E+10|7.89E+10|8.55E+10|9.80E+10|1.09E+11
ﬁr';‘(‘j'igfi :rgom/g;f”“e (atoms), due to thisyear | 4 50E+09 | 2.62E+10 | 4.37E+10 |2.02E+10|4.31E+10|4.90E+10|7.12E+10|5.47E+10|6.77E+10|7.39E+10|8.53E+10|9.53E+10
Year 1976 1977 1978 1979 1980 1981 1982 1983 1084 1985 1986 1087
MW, Hr 434400 393600 | 396000 | 384000 | 391200 | 328800 | 290400 | 302400 | 326400 | 364800 | 350400 | 400800
Modeled lrradiation Time (s) 2.50E+07 | 2.27E+07 | 2.28E+07 |2.21E+07|2.25E+07|1.89E+07|1.67E+07|1.74E+07 |1.88E+07 |2.10E+07 |2.02E+07 |2.31E+07
~Decay time (s) 568E+08 | 5.36E+08 | 5.05E+08 |4.73E+08|4.42E+08|4.10E+08|3.79E+08|3.47E+08|3.16E+08 |2.84E+08|2.52E+08 |2.21E+08
4 Ni-63 atoms/g Stellite (atoms) at year end 133E+11 | 1.21E+11 | 1.22E+11 |1.18E+11|1.20E+11|1.01E+11|8.92E+10|9.29E+10[1.00E+11|1.12E+11 | 1.08E+11|1.23E+11
# Ni-63 atoms/g Stellite (atoms), due to this year | 4 1g8E+11 | 1.07E+11 | 1.09E+11 |1.06E+11|1.09E+11|9.23E+10|8.21E+10|8.61E+10|9.35E+10|1.05E+11|1.02E+11|1.17E+11
irradiation, in 1994

Year 1988 1989 1990 1991 1992 1993 1994

MW, Hr 429600 196800 | 561600 | 132000 | 295200 | 213600 | 182400

Modeled Irradiation Time (s) 2.47E+07 | 1.13E+07 | 3.23E+07 |7.60E+06|1.70E+07|1.23E+07|1.05E+07

~Decay time (s) 1.89E+08 | 1.58E+08 | 1.26E+08 |9.47E+07|6.31E+07/|3.16E+07|0.00E+00

# Ni-63 atoms/g Stellite (atoms) at year end 1.32E+11 | 6.05E+10 | 1.72E+11 |4.06E+10|9.07E+10|6.56E+10|5.61E+10

# Ni-63 atoms/g Stellite (atoms), due to this year | 4 ogE111 | 5.84E+10 | 1.67E+11 |3.97E+10|8.94E+10|6.52E+10|5.61E+10

irradiation, in 1994

Total Ni-63 atoms @ End of irradiation (atoms) 2.46E+12

1994 Ni-63 Specific Activity (Ci/g Stellite) 1.46E-08

2009 Ni-63 Specific Activity (Ci/g Stellite) 1.32E-08
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Date By Checked
Filename Run Date Run Time Duration
TEL-194. ms7 4-Jun-03 1:27:26 PM 0:00:00
Project Info
Case Title TBL-154
Description Primary Pump Impeller, 882 mR/hr
Geormetry 3 - Digk h'd
Source Dimensions
Radius [7.62 cm (3.0 n) X
Dose Points
A X Y z Z
# 30,48 cm (1 f) 0.0 em 0.0 in) | 0.0 cm (0.0 in)
Shields
Shield H] Dimension Material Density
Air Gap Air 0.00122
Source Input: Grouping Method - Actual Photon Energies
Nuclide Ci By pCi‘'cm?® Bg/cm?®
tlr-54 1.23E-01 4 57E+H19 B.77EHIZ 2. 50E+07
Buildup: The material reference is Air Gap
Integration Parameters
Radial 20
Circumferential 20
Results

Fluence Rate

Fluence Rate

Exposure Rate

Exposure Rate

Energy (MeV) Activity (Photons/sec) MeVicmsec | MeVicmisec mR/hr mR/hr
No Buildup |With Buildup | No Buildup | With Buildup
0.0006 1.659E+HI7 7.56E-01 7.BEE-01 4.06E-+0 4. 12E+00
0.0054 3.39E+05 1 44E+H12 1 46E+12 5.15E+01 §.26E+11
0.0054 5.72E+H15 2.85E+H12 2.89E+12 1.62E+12 1. B4E+12
0.0059 1.35E+H15 5.28E+01 B.36E+H1 3.23E401 3.27EHT
0.5348 4 57E+H12 3.16E+H15 3. 17E+HIS 5.95E+12 5.99E+H12
Totals 9.73E+09 3.16E+05 3.17E+05 8.77E+02 8.82E+02
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MicroShield 7.02
ICP _(7.02.0000)

Date By Checked
Filename Run Date Run Time Duration |
TEL-194 Pentagon Area Floor.ms? 1-Jun-03 1:43.00 PM (R |
Project Info
Case Title TEL-154
Description Penagon Area Floor, 2.8 mR/hr average
Geometry 4 - Rectangular Area - Vertical
Source Dimensions Y

Width 162,08 cm 6 )
Height [182.858 cm & f)

Dose Paints
A X | Y | z
# | 30.48 cm (1) [57.44 cm (3 M [31.44 cm (3 )
Shields
Shield N| Dimension | Material | Density X
Air Gap | | Al | o001z
Source Ir yd r Energy
uBE U UoupS. co
Lower Energy Cutoff: 0.015
Photons < 0.015: Included
Library: Grove

Nuclide Ci By pCi/em? By/cm®
Ag-108m 4 28E-09 1.59EHI2 1.28E-07 4.75E-03
Ba-133 5.29E-08 1.96E+03 1.58E-08 5.56E-02
Ba-137m 5.63E-09 2.08E+02 1.6BE-07 £.23E-03
C-14 1.31E-08 4.85E+04 3.33E-05 1.45E+00
Ca-41 2.40E-10 5.85E+H10 7.13E-02 2.FEE-04
Cl-38 2.00E-08 T.04EHIS 8.38E-07 3.10E-02
CoB0 9.16E-04 J.40EHD7 2.74E-02 1.02E+03
Cs-134 2 95E-09 1.11EHI2 8.93E-08 3.30E-03
Cs-135 1.56E-13 5 7BE-03 4.B5E-12 1.72E-07
Cs-137 5 95E-09 2.20E+H12 1.78E-07 5.59E-03
Eu-152 7 04E-D7 2.B0E+14 2.10E-05 7.78E-01
Eu-154 7.15E-08 2.65E403 2. 14E-08 7HE-D2
Eu-155 1.17E-08 4.32E401 3.43E-03 1.28E-03
Fe-56 2.35E-04 5.8bE+HIE 7.16E-03 2.B5EH)2
H-3 2.84E-08 T.05E+15 8.50E-05 3.14E+HI0
Ho-166m 5.05E-09 2.20EH2 1.7BE-07 6.58E-03
k129 2.20E-15 0. 14E05 5.58E-14 2.43E-02
n-53 1.38E-10 5. 11E4H10 4.13E-09 1.53E-04
n-54 1.25E-09 4. 61EHI 3.72E-08 1.38E-03
Mo-83 2 18E-08 8.10E+12 B.55E-07 2A2E-02
Mb-92m 4.00E-14 1.48E-03 1.20E-12 4 A2E-08
Ib-94 1.50E-08 5.54EHI2 4 ABE-07 1.66E-02
Mi-59 5 53E-08 3.18E+05 2.57E-04 9.51E+00
Mi-53 9.73E-04 3.60EH07 2.91E-02 1.08E+03
Ph-205 6.50E-14 2.52E03 2.03E-12 7.52E-08
Pro-145 3.44E-11 1.27E+10 1.03E-03 3.51E-05
Pu-239 1.92E-09 7.09E+01 5.73E-08 2.12E-03
Se-7g 2.40E-11 §.89E01 7.18E-10 2 BBE-05
Sm-151 1.05E-08 3.89EH12 3. 14E-07 1.16E-02
Sr-80 5 03E-09 1.86E 12 1.50E-07 5.57E-03
Tc-59 4.80E-09 1.77EHI2 1.43E-07 5.31E-03
U233 6.50E-11 2.52E400 2.03E-02 7.52E-05
¥-00 5.03E-09 1.86E+H12 1.50E-07 5.57E-03
InBs J.44E-12 1.27E01 1.03E-10 3B1E-06
33 1.72E-12 b 37E02 5.15E-11 1.21E-08

Buildup: The material reference is Air Gap
Integration Parameters

Z Direction | 20
' Direction | 20
Results
Fluence Rate |Fluence Rate | Exposure Rate | Exposure Rate
Energy (MeV) Activity (Photonsisec) MeV/cm¥sec | MeV/cm¥sec mRhr mR/hr
No Buildup | With Buildup | No Buildup | With Buildup
0.0326 2.31E+04 1.BEE-02 1.73E-02 7.B3E-05 7.B4E-05
0.1186 9.23E+03 2.03E02 2.06E-02 3.1BE-05 3.22E-05
0.1842 1.85E+H1Z b.J0E-04 6.35E-04 1.08E-06 1.11E-06
0.2428 2.45E+03 114502 1.16E-02 2.10E-05 2.12E-05
0.3447 8. 70E-HI3 55702 5.62E-02 1.07E-04 1.05E-04
0.4057 9 47EHIZ 72EO3 7.26E-03 1.41E-05 1.42E-05
0.4516 9 BEEHI2 829503 8.35E-03 1.63E-05 1.64E-05
0.5709 3.65E+02 3.85E03 3.50E-03 7.53E-06 7 B3E-08
0.6265 5.02E+02 9. 34E-03 5.35E-03 1.82E-05 1.83E-05
0.5368 7.BBE+03 9.94E-02 5.85E-02 1.22E-04 1.93E-04
0.7801 3.02E+03 5.55E-02 5.57E-02 1.06E-04 1.06E-04
0.8671 2.09E+03 3 37E02 3.38E-02 £.34E-05 5.37E-05
0.9193 211EHZ JB1E03 3.62E-03 6.74E-06 B.77E-OB
0.9715 4 71EHI3 852502 8.55E-02 1.58E-04 1.58E-04
1.0863 3.10E+03 B.27E-02 6.30E-02 1.14E-04 1.14E-04
1.1732 3.40E+07 7 42E402 745E+02 1.33E+00 1.33E+00
1.2183 4.35E+02 9.865E03 5.81E-03 1.78E-05 1.76E-05
1.2822 1.36EH13 JED2 3.32E-02 5.78E-05 5.81E-05
1.3325 3.40E+H07 G.43E+12 G.46E+12 1.46E+00 1.47E+00
1.4031 5 63E-H13 145601 1.46E-01 2 ABE-04 2. A9E-04
1.5212 5 41E-H1T 2.39E03 2.39E-03 4.00E-0B 4.01E-0B
1.5952 7 B1EHIT 226E03 2.27E-03 3.74E-06 3.75E-0B
1.8473 1.26E-05 4.35E-10 4.36E-10 £.53E-13 6.91E-13
Totals 6.80E+07 1.59E+03 1.59E+03 2.79E+00 2.80E+00
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Date

ilename

Drive Rods.msd

Project Info

Case Title

o]

escription

Geometry

Source Dimensions
91.44 cm (3 ft)
3175 cm (1.3 in)

Height
Radius

Dose Points

A X
# 22352 cm (7 f 4.0 in)

Dimension
2895833 cm?®

Shield N
Source
Transition
Air Gap

Y z
4572 cm (1 f 6.0 in) 0.0cm @ in)
Shields
Material Density
Iron 4
Air 0.00122
Air 0.00122

Source Input: Grouping Method - Actual Photon Energies

Nuclide
14
Cl-36
Co-60
Tb-34

[T =te]
-0

Mi-63
Tc-99
Buildup: The material reference is Source
Integration Parameters
Radial

Circurnferential
' Direction (axial)

Energy (MeV)

0.0008
0.0023
0.0023
0.0069
0.0069
0.0076
0.0174
0.0175
0.0196
0.0894
0.6938
0.7026
058711
1.1732
1.3325
Totals

MicroShield 8.03
CHZM-WG Idaho (8.03-0000)

By

Run Date
20-Jan-10

EBR-Il Drive Rods
Dose rate through the 02 Nozzle
7 - Cylinder %olume - Side Shields

Ci
9.43E-03
4.85E-06
7 A7EHI1
1.53E-03

A FEEOD
L N

3.15E+00
3.96E-03

10
10
20
Results

Activity (Photons/sec)

5.29E+6
3.76E+13
1.23E+02
1.76EHIG
3.A7EHIG
7.O7E+D7
2.00E+4
3.84E+04
1.13E+04
8.50E+02
4. 51E+15
5.6BE+HI7
5.6BE+HI7
27BE+12
27BE+12
5.53E+12

Checked

Run Time
73203 AM

Bq
3.49E+08
1 79E+05
2.76E+12
5.66E+I7

1 FEE4NO
T.ioo e

117E+11
1.47E+HIE

Fluence Rate
MeV/cm¥sec
No Buildup

4.60E-09
B12E-12
2.03E-13
§.66E-07
1.71E-06
3.85E07
7.95E-09
1.72E08
3.65E-08
1.29E05
2A5EH2
3.17EHN
4. 17EHN
2.96EHB
3.46EHIE
6.42E+06

TBL-194
Rev. 01
Page 131 of 151

Duration

0:00:00

pCifem® By/cm®
3.26E+00 1.20E+05
1.67E-03 5. 20E+01
2. 58E+04 9.54E+08
5.28E-01 1.95E+04
1.64E+01 G.07E+HDS
1.09E+03 4. 02E+H07
1.37E+00 5.06E+04

Fluence Rate

MeV/cmisec mR/hr

With Buildup No Buildup
4 G4E-09 1.81E-08
5.18E-12 8.19E-12
2.05E-13 2R9E-13
8.75E-07 3.84E-07
1.73E-06 7ATE-O7
3.88E-07 1.54E-07
8.07E-09 4.29E-10
1.74E-08 9.11E-10
3.76E-08 1.36E-09
1.67E-05 1.99E-08
3.81E+I2 4.80E-01
4.84E+01 5.12E-02
5.05E+01 7.B4E-02
4 08E+JB 5.28E+03
4 BEE+JB 5.00E+D3
8.74E+D6 1.13E+04

Exposure Rate

Exposure
mR/h
With Bui
1.82E-
§.27E-
2.72E-
3.85E-

7 .B5E-
1.86E-
4.35E-
9.24E-
1.39E-
2.56E-
7.35E-
9.34E-
1.15E-
7.29E+
5.09E+
1.54E+



441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Date

Filename
Thirmble.rmsd

Case Title
Description
Geometry
Source Dimensions
22352 cm (7 ft 4.0 in)
28908 cm (1.1 in)
Dose Points

Height
Radius

A X

#1 0.0 cr {0 in) 477 52

Shields

Shield N
Source

Alr Gap

Dimension
£939.429 cm®

Nuclide

C-14
CI-36
Co-B0
Ib-94
Ii-69
Mi-53
Te-50

Buildup: The material reference is Source

Radial
Circurnferential

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

Project Info
Y z
crm (15 ft 8.0 in) 0.0 crn (0 in)
Material Density
Iron 0.4
Alr 0.00122

Source |I'Ipl.lt: Gruupiru_,, WIEUIUY - ALWal Fuuwi ....ergies

Integration Parameters

Y Direction (axial)

Energy (MeV)

0.0003
0.0023
0.0023
0.0059
0.0055
0.0075
0.0174
0.0175
0.0195
0.0894
06533
0.7025
08711
1.1732
1.3325
Totals

MicroShield 8.03
CHZMWG Idaho (8.03-0000)

By

Run Date
20-Jan-10

Thimble
Dose rate at Dose Paint
8 - Cylinder Valurne - End Shields

A"
-

va

Ci
5.01E-03
3.55E-06
2.BEE+1
5.96E-04
2.03E-02
1.31E+00
1.62E-03

20

10

10
Results

Activity (Photons/sec)

3.54E+06
1.46E+03
910E+H1
7 A3EHD7
1.43E+08
3.02E+07
7.80E+03
1.49E+04
4.39E+03
3.26E+02
1.61E+08
22MEHT
22MEHT
9.84E+11
9.84E+11
1.97E+12

Checked

Run Time
1:29:59 P

Bq
1 .B5E+08
1 32E+05
9.84E+11
2.21E+07
7.51E+08
485E+0
5.G2E+07

Fluence Rate
MeVicm%sec
No Buildup

9.76E-08
1.18E-10
742E-12
1.84E-05
3.B4E-05
5.16E-06
1.14E-08
2.28E-08
1.40E-08
8.52E-07
1.69E+01
2.36E+00
3.18E+00
2.15E+15
2.57E+5
4.72E+05

TBL-194
Rev. 01
Page 132 of 151

Duration
0:00:00

pCifem®
8.44E-01
5.03E-04
4. 48E+03
1.00E-01
3.42E+10
2.21E+12
2.56E-01

Fluence Rate
MeV/cmsec
With Buildup
9.84E-03
1.19E-10
7 ABE-12
1.85E-05
3 BBE-04
8.23E-08
1.15E-08
230E-03
1.41E-08
1.10E-05
3.06E+01
4 ZTEHID
A 57EHID
3 EBEHIS
4 17EHIS
7.75E+05

Bg/cm?®
312E+04
2.23E+01
1.6EE-+08
3.71E+13
1.26E-+H05
5.16E+16
9.47E+03

Exposure Rate

mR/hr

No Buildup

3.83E-07
1.65E-10
9.86E-12
5.15E-06
161E-058
3.27E-06
6.16E-10
1.21E-09
5.15E-10
1.31E-09
3.26E-02
4.55E-03
5.99E-03
3.85E+02
4 45E-+02
8.31E+02

Expi

Wit

tl
3
1

9
g
1

3
3
1

5
1

2
g
1

5.
7.
1.



441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Date

Filename
14E10 Durnmy. msd

Case Title
Description
Geometry
Source Dimensions
22382 cm (7 ft 4.0n)
5817 cm (23 in)
Dose Points

Height
Radius

A X
# 0.0 crm 0 in)
Shields
Shield N
Source
Air Gap

Dimension
2.38e+04 cm®

Nuclide

C-14
CI-35
Co-B0
Mb-24
Mi-53
Mi-63
Te-99

Buildup: The material reference is Source

Y

Iran
Air

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

Project Info

477.52 cm (15 £ 8.0 in)

Material

Z
0.0 crm (0 in)

Density
7.9
0.00122

MicroShield 8.03
CHZM-WG Idaho {8.03-0000)
By

Run Date
20-Jan-10

14E10 Dummy
Dose rate at Dose Paint
8 - Cylinder Volume - End Shields

"4
»

v4

Source Input: Grouping WIEUIUU - HLwual Fiuwin lergies

Integration Parameters

Radial
Circumferential
' Direction (axial)

Energy (MeV)

0.0005
0.0023
0.0023
0.0053
0.0059
0.0075
0.0174
0.0175
0.0195
0.0894
0.6935
0.7026
08711
11732
1.3325
Totals

Ci

5.18E-02
5.46E-06
JI7EHZ
9.14E-03
2.73E-M

1.80E+H01
222E-02

20
10
10
Results

Activity (Photons/sec)

4 7EEHI7
2.24E+14
1.39E+02
1.01E+09
2.00E+H19
4 06E+HIE
1.20E+05
2.29EHI5
5.73E+H14
4 76EHI3
1.91E+09
3.38EHIB
3.38EHIB
1.17E+13
1.17E+13
2.35E+13

Checked

Run Time
1:32:35 P

Bq
1 82E+19
2.02E+05
117E+3
3.30E+08
1.01E+D
B.EBE+11
B.21E+08

Fluence Rate
MeV/cm%sec
No Buildup

1.45E-09
2ME12
1.26E-14
273E07
5. 40E-07
1.21E07
5.34E-10
1.09E-09
9.82E-10
5.26E-07
1.26E+01
2.27E+I0
312E+00
1.69E+05
2.05E+15
3.74E+05

TBL-194
Rev. 01
Page 133 of 151

Duration
0:00:00

pCifem®
218E+00
2.30E-04
1.33E+04
3.85E-1
1.15E+01
7 5BE+02
9.34E-01

Fluence Rate

MeV/cm%sec

With Buildup
1.47E-09
2.03E12
1.26E-14
2.7BE-07
5. 46E-07
1.23E-07
5.42E-10
1.11E-09
9.93E-10
7.32E07
2.54E+H11
4 56E-+10
5. 10E-+00
3.16E+5
3.75E+H05
6.90E+05

Bg/cm®
8.07E+04
8.50E+0
4.94E+08
1.42E+04
4 25E+15
2.80E+07
3.46E+04

Exposure Rate

mR/hr

No Buildup

5.70E-09
2.65E-12
1.6BE-14
1.21E07
2.39E-07
4.86E-08
2.85E-11

5.80E-11

3.63E-11

5.09E-10
2.43E-02
4.35E-03
5.87E-03
3.02E+12
3.55E+12
6.57E+02

Expc
|
Witl

= O M s 00 e = QMRS e R s R R
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(Use with MCP-6)

MicroShield 8.03
CHZM-WG Idaho (8.03-0000)

Date By Checked
Filename Run Date Run Time Duration
Flow Baflle. msd 20-Jan-10 1:34:18 P (0:00:00
Project Info
Case Title Flow Baffle/Fingers
Description Dose rate at dose point
Geometry 7 - Cylinder olume - Side Shields
Source Dimensions
Height 8842 cm (1 ft 11.00in)
Radius 115857 cm (3 ft 3.5 in)
Dose Paoints Y L]
A X ¥ z
# 247,002 cr (B ft 1.6 in) 101.092 crn (338100 | 0.0 cm [0 in) x
Shields
Shield N Dimension Material Density pd
Source 2 45e+06 cm® Iran 1.66
Transition A 0.00122
Air Gap Alr 0.00122
Immersion Air 0.00122
Source Input: Grouping Method - Linear Energy
Number of Groups: 25
Lower Energy Cutoff: 0.015
Photons < 0.015: Included
Library: Grove
Nuclide Ci Bq pCifem® Bg/cm®
Ag-108m 7 93E-04 2.93EH17 3. 24E-04 1.20E+H11
Ba-133 977E03 3B1EHIE 3.99E-03 1.47E+H12
Ba-137m 1.04E03 J.85EH7 4.25E-04 1.57/E+
c-14 2.43E-01 8.99E+09 9.91E-02 3.B7EHIZ
Ca-41 4 43E-05 1.B4E+IB 1.81E-05 B.BSE-01
Cl-36 5.17E-03 T.91E+IE 211E-03 7.80E+H11
Co-B0 1.70E+12 6.23E+12 5.94E+01 2.57E+IB
Cs-134 5.53E-04 2.08EH7 2.26E-04 8.35E-+H10
Cs-135 2.08E-08 T.07EHI3 1.17E-08 4.35E-04
Cs-137 1.10E-03 4.07EH7 4.49E-04 1.66E+11
Eu-152 1.30E-01 4.81E+H19 5.30E-02 1.96E+H13
Eu-154 1.32E-02 4.88E+03 5.38E-03 1.99E+12
Eu-155 2.1BE-D4 7 99EHE 8.81E-05 3.26E+00
Fe-65 4.43E+01 1.B4E+12 1.81E+01 6.65E+15
H-3 5.25E-01 1.24E+10 214E-01 7.92E403
Ha-1BBm 1.10E03 4.07EH7 4.49E-04 1.6BE+01
129 4.06E-10 1.50E+1 1.66E-10 6.13E-06
Mn-53 2.65E-05 9.44EH15 1.04E-05 3.85E-01
Mn-54 2 30E-D4 8.51EHI6 9.38E-05 JAVEHID
Mo-83 4.05E-03 1.50E+18 1.65E-03 B.11E+HI
Nb-82m 7 38E-09 273EH2 3.01E-09 1.12E-04
Nb-24 2.77E03 1.02E+08 1.13E-03 4.18EH1
MNi-59 1.85E+00 5.83E+10 5.49E-01 2.40E+04
MNi-B3 1.80E+12 B.B6E+12 7.34E+01 2.72E4H1B
Phb-205 1.26E-08 4.6bE+H12 5.14E-09 1.90E-04
Pm-145 6.37E-06 2.36E+05 2.60E-06 3.61E-02
Pu-233 3.65E-04 1.31EHI7 1.45E-04 5.36E+10
Se-79 4 43E-06 1.B4E+H1A 1.81E-06 B.69E-02
Sm-151 1.84E-03 7 1BEHDY 791E-04 2.93E+
580 9.31E-04 JA4EH07 3.80E-04 1.41E+4M
Te-99 8.587E-04 3.28EH07 3.62E-04 1.34E+1
U233 1.26E-05 4.6BEHIS 5.14E-06 1.90E-01
¥-50 9.31E-04 J44EH7 3.80E-04 1.41E+M
In-65 6.36E-07 2.35E+4 2.89E-07 3.60E-03
Ir-93 3.1BE-D7 1.18E+14 1.30E-07 4.80E-03
Buildup: The ial refi is Source
Integration Parameters
Radial 10
Circumnferential 10
Y Direction (axial) 20
Results
Fluence Rate | Fluence Rate | Exposure Rate Exposure Rate
Energy (MeV) Activity (Photons/sec) MeVicm?sec MeV/cmi/sec mR/hr mR/hr
No Buildup With Buildup No Buildup With Buildup
0.0062 4.88E+11 SE1E-28 3.50E-23 2.7BE-26 172823
0.1186 1.71E+9 5.94EH0 8.97E+H0 9.26E-03 1.40E-02
0.1542 JAEHT JMEMN 5.79E-01 5.67E-04 1.00E-03
0.2499 4 52EH18 7 28EHI0 1.44E+01 1.34E-02 2 BaE02
0.3447 1B1E+19 4 27E+H1 8.80E+01 8.23E-02 1.70E-01
0.4097 1.75E+08 6.02E+10 1.25E+01 117E02 2AMED2
0.4516 1.83E+05 7.25EHI0 1.50E+01 1.42E02 2.94E-02
0.5709 6.75E+H7 3.78EHID 7.70EHD 7 ADE-O3 1.51E02
0.6265 1.40E+08 9.50E+00 1.92E+01 1.85E-02 3.73E02
0.6965 1.42E+09 1.06E+H12 212EH2 2.05E-M 4.09E0
0.7801 7 OBE+13 B.25E+11 122E+H02 1.19E-01 234EM
0.8671 3.85E+08 3.99E+H01 7.BIE+01 7.80E-02 1.456-M
0.9193 3.80E407 4.39E+00 8.40E+00 8.21E-03 1.57E02
0.9715 6.70E+05 1.06E+H12 2.02E+HZ 1.97E01 373EM
1.0863 5.73E+05 8.27E+1 1.54E+02 1.50E-01 279EM
1.1732 6.29E+12 1.02E+HI6 1.87EHE 1.82EH13 3.34EH13
1.2189 8.03E+H17 1.38E+ 251E+H01 244E02 4 A5E02
1.2823 2.56E+08 4.72E401 8.53E+01 8.27E-02 14960
13325 6.29E+12 1.23E+0B 221EHB 2.14E403 3.E3EH3
1.4091 1.02E+19 2.17EH2 3.86E+HZ 371EM B.G0E-01
15212 1.85E+17 3.69EHI0 6.49E+00 6.13E-03 1.09E-02
1.5952 1.40E+07 3.58EHI0 B.24E+00 5.92E03 1.03E02
18473 2.33E400 7 34EO7 1.25E-06 1.16E-09 199609
Totals 131E+13 2.25E+06 4.0BE+06 3.96E+03 7.A7E+03
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(Use with MCP-6)

Source Input: Grauping Methad - Linnar Energy
Humbier of Groups: 35
Lownr Enargy Cutnff: 0045
Photons < 0.015: Included
Library: Greve

2IE2
IHED

e
Auildup: The matesial reference is Source

Radisl [ 0
Circurmferentral | 1
f Carection (asial) | ]
Resailts
Fluence Rate  Fluence Rate  Exposure Rate  Exposure Rave
Energy Mev) Activity [ mithr 3
Mo Buildup With Duildup o Buildup With Buildup
00082 HE+1D TEIE 157634 127631 TTIES
0D TEHT 205E-01 J18EM ANEM SO0E04
02405 HE AT 2HEED 449E0 ATEDE
021388 I9E T 1. 29600 2EBE+0 4BE-03 SI6E03
0.3788 TNEAT ATIEDN ABTEDN 14E04 1 82Em
04516 SITEME ISFEOL | SWEN
05837 EEHE 24E S1EDT EEE-O4 Wen
06386 E.TIE W JASEW0 TO0E+0 BEUE3 eI
07587 A TEEHT 2 ROE4I0 5 5RE+00 5%E0 OTEO
D85 2EAT 1.B4E400 322E400 | 30RED3 BO7E0T
03187 2EEHE 159601 IWED | 2WED STED
09r1e 451047 ADME+0 THEL TNEM 1ITE02
11 BEHT 6 42E+H00 121E+01 1 16E-02 219E-02
E=-] i 4AE 11 3BIE 4 THEGE | AMMEM 1.2 W2
207 AT 1 BSE0 JNED IBEM SHTED
336 SEAT 470F404 AETED04 15E01 1496402
-]l 52447 7.TRE+00 1.41E+01 1.33E.02 24EQ
5209 BOTEHE 138E0 2A0EDT IHEL PRI
59527 7 EHEWE LATED 243EM 2ITEL4 | 2E-04
&L 11501 2B4E-08 A5TEM 418E11 25E-11
2 1857 2RE0E TATE1D 1.37E08 112612 [P
Tatals FAI1 DSAE+ A5B0+05 ASE-02 210002
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(Use with MCP-6)

MicroShield 8.03
CH2M-WG Idaho (8.03-0000)

Date By Checked
Filename Run Date Run Time Duration
Inner Shield Wall Above. msd 20-Jan-10 1.35:39 PM 0:00:00
Project Info
Case Title Inrer Shield Wall
Description Above Reactor
Geometry 11 - Annular Cylinder - Intemal Dase Paint
Source Dimensions
Height 181.204 e (5 f 1.3 in)
Inner Cyl Radius 84138 cm 27 9.1in)
Inner Cyl Thickness 0.0 cm (@ in)
Source 1.27 cm (0.5 in)
Dose Points
A X Y z
# 0.0 cr (0in) 4191 e (1349000 0.0 cm @ in)
Shields X
Shield N Dimension Material Density Z
Cyl. Radius 84.138 cm Air 0.00122
Source 1.23e+15 cm® Iran 7.86

Source Input: Grouping Method - Linear Energy
Number of Groups: 25
Lower Energy Cutoff: 0.013
Photons < 0.015: Included
Library: Grove

Nuclide Ci By pCifem® By/cm®
Ag-108m 1.66E-03 6.14E+07 1.35E-02 5.01E+HI2
Bs-133 2.04E-02 7.55E+08 1.66E-01 6.16E+13
Ba-137m 21BE03 6.05E+07 1.78E-02 6.57E+H12
C-14 5.09E-01 1.88E+10 4.15E+H10 1.54E+H15
Ca-41 9.27E-06 3.A3EHIB 7 ABE-04 2.80E+1
ClL36 1.08E-02 4.00E+03 8.81E-02 3.26E+03
Co-B0 355E4H02 1.31E+13 2.80E+03 1.07E+18
Cs-134 1.16E-03 4.29e+07 9ABE-03 3.50EHI2
Cs-135 B.03E-08 2.23E403 492607 1.82E-02
Cs-137 2.30E-03 6.51E+07 1.88E-02 6.34EH12
Eu-152 2720 1.01E+10 2.22EHI0 8.21E+04
Eu-154 2.76E02 1.02E+H19 22560 8.33E+H13
Eu-1585 4.62E-04 1.67EH)7 JEIE-03 1.36E+02
Fe-55 9 26E+01 JA3E+H12 7 55EH12 2.80E+07
H3 1.10E+00 4.07E+10 8.97EHI0 3.32E+415
Ho-166m 2 30E-03 8.51E+07 1.88E-02 B.94E+02
1129 880E-10 315E+H1 B.93E-09 2.57E-04
Mn-53 5.33E-05 1.97E+)8 4.35E-04 1.B1E+N
Mn-54 4.62E-04 1.76E+)7 393603 1.45E+012
Mo-33 847603 3.13E+08 5.91E-02 2.56EHI3
Nb-82m 1.55E-08 5.74E+02 1.26E-07 4.B8E-03
Mb-94 5.79E-03 2.14E+08 472602 1.75E+13
Ni-59 3.32EH0 1.23E+11 271EH1 1.00E+E
Ni-B3 3.7bEHZ 1.39E+13 J.07EH3 1.14E+08
Pb-205 2.63E08 9.73E+02 215E-07 7.84E-03
Prm-145 1.33E-05 4. 52E+05 1.09E-04 4.01E+10
Pu-239 T A2E-04 2.75EH7 B.05E-03 2.24EH12
Se-79 9. 27E-0R 3A3E+05 7 ABE-05 2.80E+00
Sr-151 4.06E-03 1.50E+08 331E02 1.23E+013
Sr-90 1.95E-03 7.22E407 1.59-02 5.83EH12
Te-33 1.85E-03 6.85E+07 1.51E-02 5.58E+H12
U-233 263E05 9.73E+05 215E-04 7.84EHI0
V-0 1.95E-03 7.22E407 1.59E-02 5.83E+12
In-B5 1.33E-06 4. 52E+04 1.09E-05 4.01E-M
Ir83 B BSE-07 2 ABE+H4 5. 43E-06 201E-M

Buildup: The material reference is Cyl. Radius
Integration Parameters

Radial 10

Circumferential 10

Y Direction (axial) 20

Results
Fluence Rate | Fluence Rate Exposure Rate Exposure Rate
Energy (MeV) Activity (Photons/sec) MeVem¥sec | MeV/cmsec mR/hr mR/hr
No Buildup | With Buildup No Buildup With Buildup

0.0082 1.02E+12 2.BBE-09 461E-09 1.32E-03 227E09
0.1188 3.57EHS 310E+01 1.97E+02 4.83E-02 3.06E-M
0.1842 7 A4EHT 1.65E+10 772EHI0 2.87E03 1.34E02
0.2499 9 46E+08 3.72EHN 1.36E+H12 B.86E-02 2.54EM
0.3447 336E+H02 21BE+H2 B.A3EHI2 4.16E-01 1.26E+10
0.4098 3.BEEHE 3.02E+01 4.286+01 5.89E-02 1.62E-M
0.4516 3.82E+H08 3.62E+01 343601 7.03E-02 1.85E-M
0.5709 1.41EH8 1.86E+M1 4.33E+01 3.B5E-02 A7ED2
0.6265 3.10EHE 4.65E+01 1.04E+02 3.06E-02 202EM
05368 2.96E+H09 5.16E+02 1.09E+03 9.36E-M 211E+I0
0.7801 1.48E+09 J.01E+H2 B.O7EHIZ 5.74E-0 1.16E+10
0.8671 5 .06E+08 1.90E+H12 3 BEEHZ 3.68E-01 B.53E-0
0.9193 815E+07 2.08E+1 385EH 3.89E-02 7.38E02
0.9715 1.82E+09 5.02E+02 9.32EH12 9.29E-M 1.73E+00
1.0863 1.20E+03 3.85E+02 B.83E+H12 6.93E-01 1.25E+00
11732 1.31E+13 4.B9E+HIB 3.17EHG 8.38E-+H13 1.4BE+04
1.2189 16BEHE 6.32E+01 1.09E+02 112601 1.93EM
1.2823 5.34E+08 2.15E+02 3.64EHI2 377EM B.33E-M
1.3325 131E+13 5.58E+H16 9.3EHE 9.67EHI3 1.62E+14
1.4091 214E4H09 9.78E+12 1B1EHIG 1.67E+I0 2.75EH10
1.5212 325E4H07 1.65E+01 2B4E+H1 2.76E-02 4. 43E02
1.5952 294E+07 1.58E+M 281EH1 2B2E-02 415602
1.8473 4.89E+00 3.19E-08 4.86E-08 5.06E-09 =

Totals 2.73E+13 1.03E+07 1.75E+07 1.81E+04 3.08E+04
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MicraShiokd 0.03
CHIM W bk 1113 1008)
Date Hy
Filename Run Date
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Cage Tle | Irar Mautren Shield
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Sourc

ht
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A
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Intngration Paramaters.
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MicraShiokd 0.03
CHZMWE BB @I 0005
Date Hy
Filename Rum Date
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Piwjuct Inle
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Seurce lnput; Grouping Muthod - Linear Energy
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441.A16 RADCON TECHNICAL BASIS TBL-194

10/20/2008 Rev. 01
Rev. 0 TECHNICAL BASELINE (TBL) Page 141 of 151

(Use with MCP-6)

MicroShield 8.03
CH2M-WG Idaho {8.03.0000)

Date By Checked

Filename Run Date Run Time Duration

Reactor Core.rmsd 20-Jan-10 1:45:55 PM 0:00:00
Project Info
Case Title EBR-Il Core
Dose Rate At Core Wertival Centerline outside
Description reactor
Geornetry 7 - Cylinder Yalume - Side Shields

Source Dimensions
Height 177.8 cm (5 ft 10.0 in)
Radius 84138 cm (21 9.1 in)

Dose Points
A X Y zZ
# 22382cm Ff400n) | 83 %cm 2f11.0in) | 0.0 cm (Din)
Shields
Shield N Dimension Material Density
Source 3.95e+H6 cm® Iran 0.4
Shield 1 953 cm Air 0.00122
Shield 2 11.43 cm Carbon 1.6
Shield 3 127 cm Air 0.00122
Shield 4 11.43 em Carbon 16
Shield & 953 cm Air 0.00122
Shield & 127 o Air 0.00122
Shield 7 1.905 cm Iran 7.86
Shield & 57.15 cm Carbon 16
Transition Iran /.86
Air Gap Air 0.00122
Wall Clad 1.27 cm Iran 7.06
Source Input: Grouping Method - Actual Photon Energies
Nuclide Ci By pCifem® By/cm®
C-14 1.87E-01 6.92E+12 4.73E-02 1.75E+H13
Cl-36 3.72E-05 3.23EHI6 221E05 g.16E-01
Co-E0 1.23EH13 4 B5E+13 3EH2 1.16E+H7
Mb-94 2.85E-02 1.05E+H19 7.21E03 2E67EH2
Mi-59 8.95E-01 3.32E+10 227E-0 8.38E+13
Mi-63 5.89E+H11 2.18E+12 1.45E+1 5.51EH15
Te-99 7.21E-02 2B7TEHIS 1.52E-02 B.75EHI2
Buildup: The material reference is Source
Integration Parameters
Radial 10
Circumferential 10
Y Direction (axial) 20
Results
Fl Rate | FI Rate = Exp e Rate | Exposure Rate
Energy (MeV) Activity (Photons/sec) MeVicm%sec = MeV/ocm¥sec mR/hr mR‘hr
No Buildug With Builduj No Buildug With Buildup
0.0003 1.86EH18 0.00E-+10 1.74E-27 0.00E-+10 §.85E-27
0.0023 7 .00E+H14 0.00E+10 2.29E-30 0.00E-+010 3.07E-30
0.0023 2.22EH13 0.00E+10 7.32E-32 0.00E-+00 9.72E-32
0.0062 3.32E+19 0.00E+10 3.29E-25 0.00E+00 1.46E-25
0.00682 B.55E+H19 0.00E-+10 6.49E-25 0.00E-+10 287E-25
0.0076 1.33E+19 0.00E-+10 1.46E-25 0.00E-+00 5.84E-26
0.0174 3.73EHIE 0.00E+10 1.03E-28 0.00E-+00 5.53E-30
0.0175 7 14E+15 0.00E+10 2.00E-23 0.00E+00 1.06E-29
0.0196 2.10E+H15 0.00E-+10 6.91E-29 0.00E-+10 2.55E-30
0.0894 1.55E+H14 3.82E-18 2.64E-18 1.31E21 4 06E-21
0.6938 7 A2E+H19 7.97E-03 217E01 1.54E-05 4.19E-04
0.7026 1.06E+H19 1.24E03 3.33E-02 2.38E-06 6.42E-05
0.8711 1.06E+H129 5.34E-03 1.15E-01 1.01E05 2.16E-04
1.1732 4 55E+13 1.89E+13 241E+H4 2.84E+10 4 30E+01
1.3325 4 55E+13 FATEHIS 4.51E+H14 B.01E+I0 7.83E+H01

Totals 9.10E+13 5.06E+03 6.92E+04 8.85E+00 1.21E+02



441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Date By Checked
Filename Run Date Run Time Duration
Reactor Inner Shell. msd 20-Jan-10 1:47:23 PM 0:00:01
Project Info
Case Title EBR-Il Inner Shell
Description Dose rate outside reactor
Geometry 12 - Annular Cylinder - External Dose Paint
Source Dimensions
Height 177.8 cm (5 #10.0 in)
Inner Cyl Radius | 84138 cm (2 £ 5.1 in)
Inner Cyl Thickness 0.0 cm (@ in}
Outer Cyl Thickness 0.953 cm (0.4 in) »
Source 1.27 crn (05 in)
Dose Points X
A X Y z
# 22362 cm (Fft40in) B89 cr (2ft 11.010n) 0.0 crm [0 ir) Z
Shields
Shield N Dimension Material Density
Cyl. Radius 84.138 cm Iron 04
Source 1.20e+05 cm® Iran 7.86
Shield 3 953 cm Alr 000122
Shield 4 264 cm Carbon 16
Shield 5 1.27 cm Air 0.00122
Shield B 1.905 cm Iran 7.86
Shield 7 5715 cm Carbon 16
Transition Air 0.00122
Air Gap Air 0.00122
Source Input: Grouping Method - Linear Energy
Number of Groups: 25
Lower Energy Cutoff: 0.015
Photons < 0.015: Included
Library: Grove
Nuclide Ci By pCi/em®
Ag-108rm 1.66E-03 B EHT 1.38E-02
Ba133 2.04E-02 7 55E+H18 1.70E-01
Ba-137m 2.18E-03 8.05EH7 1.81E02
C-14 5.08E-01 1.88E+10 4.23E400
Ca-41 927805 3.43EHI6 7.71E-04
Cl-36 1.08E02 4.00E+08 8.98E-02
Co-60 3.55E+02 131EH13 2.95E403
Ce-134 1.16E-03 4 28EH7 9 64E-03
Ce-135 B.03E-08 223EHI3 5.ME-07
Cs-137 2.30E-03 BA1EH7 191E02
Eu-152 272801 101E+10 2. 26EHID
Eu-154 2.76E-02 1.02E+H19 2.29e-M
Eu-155 452604 1B7EHI7 3.76E-03
Fe-55 9.26E+01 343E+12 7.70E+H)2
H-3 1.10E+10 4.07E+10 9.15E+00
Ho-166m 2.30E-03 BH1EHT 19102
1129 8.50E-10 3.15E+01 707ED9
Mn-53 533805 197E+HE 4.43E-04
Mn-54 4.82E-04 17BEH7 4.ME-03
Mo-93 8.47E-03 313EHE 7.04E-02
Mb-82m 1.55E-08 5 TAEHIZ 129807
Nb-94 6.79E-03 2 4EHIE 4.81E-02
Mi-59 3.32E+00 1.23E+11 2.7BEHT
Mi-63 3.76E+02 139E+13 3.13E403
Pb-205 2.63E-08 9.73E+H12 2.19E-07
Prr-145 1.338-05 4.92E+H15 1T.11ED4
Pu-239 742804 275EHI7 B.17E-03
Se-79 927806 343E+H15 7.71E-05
Srr-151 4.06E-03 1.50E+18 3.38E-02
Sro0 186E-03 722EH7 1.62E-02
Te-99 1.85E03 B.B5E+07 1.54E-02
U-233 283805 9.73E+HA 2.19E-04
¥-80 186E-03 722EH7 1.62E-02
Zn-B5 1.338-08 4.92E+H14 T.11ED8
93 B.B5E-07 2 4BE+14 5.53E-06
Buildup: The material reference is Shield 7
Integration Parameters
Radial 10
Circumferential 20
Y Direction {axial) 20
Results
Fluence Rate ' Fluence Rate =Exposure Rate
Energy (MeV) Activity (Photons/sec) MeV/em®sec = MeV/cm¥sec
No Buildup | With Buildup
0.0062 1.02E+12 0.00E+I0 3.86E-22
0.1186 3.57E+HI8 251E-04 5.0ME-05
0.1842 7 1EHD7 6.35E-09 3.00E-05
0.2499 9 46E+18 1.12E-06 1.86E-03
0.3447 3.36E+03 4 B5E-05 2.B7E-02
0.4098 3 BBEHIB 17BE-05 5.99E-03
0.4516 382E+08 370E05 9.40E03
0.5709 1.41E+08 BE31E-05 9.04E-03
0.6265 310E+H1B 2.83E-04 2.86E-02
0.6968 2.96E+03 5.45E-03 4.16E-0
0.7a01 1.4BE+09 5. B2E-03 3.25E-01
0.8671 8.0BE+HIB 6.01E-03 2.73E-01
0.9193 8.15E+07 8.76E-04 3.50E-02
09715 1.82E+09 275E-02 9.80E-01
1.0863 1.20E+08 3.56E-02 1.01E+00
1.1732 1.31E+13 B21E+HI2 1.50E+04
1.2183 1.6BE+18 9.93E-03 2.22E-M
1.2823 5.34E+08 423802 6.60E-01
1.3325 1.31E+13 130E+13 2.45E404
1.4091 2 14EH09 289501 4.95E+H10
15212 3.25E+H07 B.70E-03 T.01E-01
1.5952 2 B4E+H07 7B1E-03 1.09e-01
1.8473 4 B9E+H0 2 B80E-09 3.15E-06
Totals 2.73E+13 1.92E+03 3.95E+04

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

MicroShield 8.03
CHZM-WG Idaho (8.03-0000)

Bg/em®
5.11EHLR
B.28E+13
6.69EHI2
1.57E+15
2.86E+H11
3.32E+03
1.09E+18
3.67EHI2
1.86E-02
7 08E+HI2
8.37E+H14
8.49E+13
1.39E+H12
2.B5EHI7
3.38E+05
7 08E+HI2
2B1ED4
1.64E+M
1.48EH12
2.B1E+H3
4.77E-03
1.78E+H13
1.02E+H1B
1.16E+18
8.09E-03
4.09E+00
2.28EH12
2.B5EHI0
1.25E+13
6.00E+12
5.69E+02
8.09E+10
6.00E+12
4.09E-01
2.05E-01

mR/hr
No Buildup
0.00E+00
3.92E-12
10E-11
207E-09
8.95E-08
347E-0R
726E08
136607
5 &1E07
1.05E-05
1.07E-05
113E-06
1 BAE-DG
5 10E-05
6 BOE-05
1.11E+00
1 76E-06
741E05
2.265E+00
4 94E-04
1.12E06
1.29E-05
4 43E-12
3.36E+00

Exposure Rate

mR/hr

With Buildup

1.90E-22
7.81E-08
5.196-08
343606
5.15E-08
1.17E-05
1.84E-05
177608
657605
5.03E-04
B.19E-04
5.13E-04
B.54E-05
1.82E-03
1.83E-03
2BBE+HD
3.94E-04
1.51E-03
4.25E+01
8.46E-03
1.69E-04
1.81E04
4.99E-11

6.93E+01
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441.A16

10/20/2008

Rev. 0

(Use with MCP-6)

Date

Filename

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

Reactor Thermal Baffle.msd

Case Title
Description
Geometry

Source Dimensions

Height

Inner Cyl Radius
Inner Cyl Thickness
Quter Cyl Thickness

Source
A
#
Shield N
Cyl. Radius
Source
Shield 3
Shield 4
Shield 5

Transition
Air Gap

1778 cm (& 1 10.0 in)
111125 om (3 1 7.8 in)
0.0 cm (@ in)
1.805 cm (0.8 in)

Project Info

MicroShield 8.03
CHZM-WG ldaho (8.03-0000)
By

Run Date
20-Jan-10

EBR-Il Therm Baffle
Reactor side dose rate

12 - Annular Cylinder - Extermal Dose Paint

*
0.953 crm (0.4 ir)
Dose Points x
X Y Z
22352¢cm (FR40in) | BB9cm 2ft 11.00n) 0.0 cm (0 in) Z
Shields
Dimension Material Density
111125 cm Iran 0.4
1.19e+05 cm? Iran 786
1.805 cm Air 0.00122
635 em Iran 786
6716 crm Carbon 16
Air 0.00122
Alr 0.00122
Source Input: Grouping Method - Linear Energy
Number of Groups: 23
Lower Energy Cutoff: 0.015
Photons < 0.015: Included
Library: Grove
Huclide Gi
Ag-108m 1.64E-03
Ba-133 1.90E-02
Ba-137m 2.02E-03
C-14 4 74E-01
Ca-41 8.63E-05
Cl-36 1.01E-02
Co-60 3.30EH12
Ce-134 1.0BE-03
Ce-135 5.B1E08
Cs-137 2.14E-03
Eu-152 2.63E-01
Eu-154 257E-02
Eu-155 421E-04
Fe55 8.62EH11
H-3 1.02E+00
Ho-1661m 214803
129 TH1E-10
Mn-53 4.96E-05
Mn-64 4.48E-04
ho-93 7.89E-03
Nb-92m 1.44E-08
Mb-24 5.39E-03
Ni-53 3.09E+0
Ni-53 3.50EH12
Ph-205 2.45E-08
Pm-145 1.24E-05
Pu-239 6.90E-04
Se-79 8.63E-08
Sm-151 3.78E-03
Sr90 1.81E-03
Tc-99 1.73E-03
233 2.45E-05
Y90 1.81E-03
Inks 1.24E-06
Irg3 6.19E-07
Buildup: The material reference is Shield 5
Integration Parameters
Radial 10
Circumferential 20
¥ Direction (axial) 20

Energy (MeV)

0.0062
0.1186
0.1842
0.2429
0.3447
0.4057
0.4516
0.5709
0.B265
0 6965
0.7801
0.8671
09193
09715
1.0863
11732
12189
1.2822
13325
1.4091
15212
16852
1.8473
Totals

Results
Activity (Photons/sec)

9.49E+11
3.32E+09
6.64E+07
5.80E+08
313E+09
3 AOE+03
3.55EH08
1.31E+08
2.88E+08
2.76EHI9
1.37E+09
7 E0E+03
7.58EH7
1.69E+09
1.12E+09
1.22E+13
1.56E+08
4.87E+08
1.22E+13
1.99E+09
3.02E+07
273EH7
4 54E+00
2.54E+13

Checked

Run Time
1:51:06 PM

By
& TOE+7
7 DIE+08
7A9E+07
1.75E+10
3 19E+0B
374E+08
1226413
4 DOE+07
2.08E+03
7 G2E+07
9 IE+09
9.51E+08
1 56E+07
319E+2
377EHD
7.92E+07
2 GIE+01
1.B4E+06
1.BBE+07
2 G2E+08
5 3IE+02
1.99E+08
114E+11
1.30E+13
9.07E+02
1 E9E+5
2 EGE7
319E+05
1.40E+08
6 70E+07
6.40E+07
9.07E+05
6 70E+07
4 EIE+04
3 39E+04

Fluence Rate
MeV/cm?sec
No Buildup
5.4BE-185
1.58E-05
6.38E-06
4.93E-04
9.93E-03
2B5E-03
4.55E-03
5. 44E-03
1.868E-02
29980
2.53E-01
2.26E-01
2.99E-02
B.57E-01
9.31EM
1.43E+04
2.16E-01
8.53E-01
2A4BE+H4
5.06E+HID
1.05E-01
1.15E-01
3.40E-05
3.89E+04

Duration
0:00:01

pCifem®
1.30E-02
1.60E-01
1.70E-02
3.99E+00
727E04
851802
2.78E+03
9.09E-03
472807
1.80E-02
2.13E+00
21BE-01
3.85E-03
7.26E+12
8.59E+00
1.80E-02
6 B6E-09
4.1BE-04
3.78E-03
6 B4E-02
121607
4.54E-02
2.60E+01
2.85E+13
2.0BE-07
1.04E-04
5.81E-03
727ED5
3.18E-02
162E-02
1.46E-02
2.06E-04
1.62E-02
1.04E-05
521E-06

Fluence Rate = Exposure Rate

MeV/cm®sec
With Buildup
4.00E-22
6.74E-02
G.41E-03
270ED
2.21E+00
3T4E01
501ED
3FFEM
9.36E-01
TA7EHI
7.83E+00
5.67E+00
B.72E-01
1.74E+01
1.55E+1
2.08E+05
2.95E+00
1.07E+1
2.92E+05
5.51E+01
1.02E+I0
1.05E+10
2.56E-07
5.00E+05

Bg/cm®
4.80E+12
5.82E+13
B.31E+02
1.4BE+15
2.69E+01
3.15E+03
1.03E+18
3.37EH12
1.75E-02
B.67E+12
7.BBE+04
8.01E+03
131E+H12
2.69EH07
3.18E+5
B.67E+02
2 46E-04
1.55E+1
140E+H12
2.46E+013
4 49E-03
1.68E+HI3
9.63E+15
1.08E+18
7.B3E-03
3.86E+10
2.15E+12
2.69E+00
118E+13
5.64E+12
5.39E+H2
7.83E+00
5.64E+H12
3.86E-01
193601

mR/hr
No Buildup
2.70E-155
247E-08
111E-08
9.10E-07
191E05
5.1BE-06
B8.93E-06
1.0BE-05
3B5E-05
5.76E-04
4.83E-04
4 26E-04
5.58E-05
1.59E-03
1.63E-03
2.55E401
3.83E-04
1.48E-03
4.27E401
8 66E-03
177E-04
191E-04
5.3BE-11
6.83E+01

Exposure Rate
mR/hr
With Buildup
1.97E-22
1.05E-04
1.46E-05
4.93E-04
4.26E-03
7.31E-04
9.83E-04
6.60E-04
1.82E03
2.26E-02
1.49E-02
1.07E-02
1.26E03
3.23E-02
2.81E-02
3.72EHL
5.23E-03
1.86E-02
5.06EHL
9.42E-02
1.72E03
1.74E03
4.05E-10
8.79E+02

TBL-194
Rev. 01
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441.A16
10/20/2008

Rev. 0

(Use with MCP-6)

Date By
Filename Run Date
Reactor Outer Shell. msd 20-Jan-10
Project Info
Case Title EBR-Il Outer Shell
Description Reactor Side Exposure Point
Geormetry 12 - Annular Cylinder - External Doge Point
Source Dimensions
Height 3175 cm (10 # 50 in)
Inner Cyl Radius M2078 em (3 /8.1 in)
Inmer Cyl Thickness 0.0 cr (@ in)
Outer Cyl Thickness | 0635 cm (0.3 in) .
Source 1.908 cm (0.8 in)
Dose Points
A X Y z x
# 22352 cm 7 400y | 18875 cm (5t 2.50n) 0.0 cm (@ in)
Shields Z
Shield N Dimension Material Density
Cyl. Radius 112.078 cm Iron 0.4
Source 4.30e+05 cm® Iran 7.88
Shield 3 B35 crm Iron 7.86
Shield 4 57156 cm Carbon 16
Transition Alr ooz
Air Gap Air 0.00m22
Source Input: Grouping Method - Linear Energy
Number of Groups: 25
Lower Energy Cutoff: 0.015
Photons < 0.015: Included
Library: Grove
Huclide Ci
Ag-108m 337E03
Ba-133 4.1BE-02
Ba-137m 4 43E-03
C-14 1.03E+00
Ca-41 1.88E-04
Cl-38 2 20E-02
Co-60 721EH2
Cs-134 2.35E-03
Cs-135 1.23E-07
Cs-137 4BBE03
Eu-152 553601
Eu-154 6.62E-02
Eu-155 9.189E04
Fe-55 1.88E+12
H-3 2.23E+00
Ho-166m 4B7E03
1129 1.73E-09
Mn-53 1.0BE-04
Mr-54 9.80E04
Mo-83 172802
Mb-92m 3.14E-08
Mb-34 1.18E02
Mi-58 B.75E+00
Ni-B3 7.B65E+H12
Pb-205 5.34E08
Prr-145 271E05
Pu-239 151E-03
Se-79 1.88E05
Srr-151 8.26E-03
Sr90 3.86E-03
Tc-99 377E03
U-233 5.34E-05
¥-90 3.86E-03
In-E5 270E0B
Zr83 1.35E-08
Buildup: The material reference is Shield 3
Integration Parameters
Radial 10
Circurnferantial 20
Y Direction (axial) 20

Energy (MeV)

0.0062
0.1186
0.1842
0.2453
0.3447
0.4097
0.4516
0.5709
0.6265
0.6968
0.7801
0.8671
0.8193
0.5715
1.0863
11732
1.2188
1.2822
1.3325
1.4091
15212
15952
1.8473
Totals

RADCON TECHNICAL BASIS
TECHNICAL BASELINE (TBL)

MicroShield 8.03
CHZM-WG Idaho (8.03-0000)

Results
Activity (Photons/sec)

207EHZ
7 26E+H19
1.45E+08
1.92E+19
6.84E+19
7 A4E+HIE
7 7BE+IR
2B7EHE
6.30E+08
B.0Z2E+19
3.00E+H9
1.64E+09
1.6BE+18
370EH9
244EH9
2B7EH3
JA2EHIE
1.09E+09
2B7EH3
4.35E+H09
BE1EH7
5.98E+H07
S.91E+00
5.55E+13

Checked

Run Time
1:53:00 PM

By
1.25E408
1.54E409
1 B4E+B
3B1EHD
6.05E+0B
B 14E+08
2E7EH3
B.70E+07
4 EGE+03
1.73E408
2.05E+10
2 DHE+09
340E+07
BOEE+2
£ 36E+10
1.73E408
6.40E+01
4 DOE+0B
3E3E+07
6.35E+08
1 16E+13
437E+08
2E0E+1
2 BIE+3
1.88E+03
1.00E+08
5 EIE+07
6.0E+05
3.06E+08
1 47E+08
1.39E+08
1.98E+08
1 47E+08
9.09E+04
5.00E+04

Fluence Rate
MeV/cm?sec
No Buildup
2 B3E-157
1.08E-05
5.03E-06
4.14E-04
8.74E-03
239E03
4.15E-03
5.09E-03
1.78E-02
2.87E-0
2. 46E-01
2.23EM
2.97E-02
8.57E-01
9.44E-01
1ABE+D4
222E0
8.84E-01
2.56E+HM4
5.31E+HI0
1.12E-01
1.23e01
3 BBE-05
4.03E+04

Duration
0:00:01

pCilem®
7 8503
968E-02
1.03E-02
2.40E+00
438604
5 12E02
1.BBE+03
547E03
2 BBE07
1.09E-02
1.29E+00
131E01
214E03
4.38E+02
5 19E+00
1.09E-02
4.03E08
2E1ED4
228E03
400E02
73E08
275E02
1.57E+01
1 76E+03
1.24E07
6.31E05
362E03
438E05
1.926-02
922E03
8.78E03
1.24E-04
922E03
6.29E08
3.14E08

Fluence Rate = Exposure Rate

MeV/emsec
With Buildup
191822
4 B62E-05
5.15E-05
6.52E-03
163E-01
471E-02
8.00E-02
877602
287E01
4.27E+00
3.34E+00
2.74E+00
3HMED
9.42E+00
9.29E+00
134E+HIS
1.95E+10
7.39E+00
2.07E+15
4.06E+01
7.96E-01
840E-01
222E07
340E+05

Bgicm®
2 90E+02
358E+03
3B1E+02
8.87E+04
1.82E+401
1 S0E+03
6.21E+07
2.02E+02
1.06E-02
4.03E+02
4 TBE+04
4 BAE+T3
7.92E+01
1626407
1 92E405
402E+02
1.495-04
9 30E+00
8.44E+01
1.48E+03
270E03
1026403
581E+05
6 BIE+07
4B0ED3
2.33E+00
1 30E402
1626400
7A1E+02
3 41E+02
3.25E+02
4 BOE+00
3 41E+02
233E01
1.16E-01

mRshr
No Buildup
1.29E-157
1.63E-08
8.71E09
7 BAE-O7
1.6BE-05
4 BBE-0B
B.13E-06
9.97E-06
3.4BE-05
5.53E-04
4.70E-04
4.20E-04
5.54E-05
1.53E-03
1.71E-03
2B2EH01
3.94E-04
1.55E-03
4 45E+01
9.09E-03
1.87E-04
2.03E-04
5.83E-11
7.06E+01

Exposure Rate
mR/hr
With Buildup
9ME23
7. 20E-08
8.92E-08
1.20E05
3.25E-04
9.18E-05
15704
1.72E-04
5.50E-04
8.24E-03
6.37E-03
5.15E-03
6.43E-04
1.75E-02
1.69E-02
2.39E+02
3.46E-03
1.30E-02
3.59E+02
6.95E-02
1.33E-03
1.39E-03
3.52E-10
5.97E+02
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MicroShield 8.03
CH2M WG ldaho (8.03-0000)

Date By Checked
Filename Run Date Run Time Duration
Reactor Outer Shield Inner Liner.msd 20-Jan-10 1:54:30 Pl 0:00:01
Project Info
Case Title EBR-II OS5 Liner
Description Reactor side dose rate
Geormetry 12 - Annular Cylinder - External Dose Point
Source Dimensions
Height 317.5cem (10f5.0in)
Inner Cyl Radius 113983 cm (3ft8.9in)
Inner Cyl Thickness 0.0 cm [0 in)
Outer Cyl Thickness | 57.15 ¢ (1 ft 1005 in) .
Source 0635 cm (0.3 in)
Dose Points
A x Y z x
#1 22382cm (7 f40in)  188.75cm (5 f 25 in) 0.0 cm (Din)
Shields Z
Shield N Dimension Material Density
Cyl. Radius 113.983 cm Iron 0.4
Source 1.45e+15 cm® Iran 786
Shield 3 &7.15 cm Carbon 16
Transition Air 0.00122
Air Gap Air 0.00122

Source Input: Grouping Method - Linear Energy
Number of Groups: 23
Lower Energy Cutoff: 0.015
Photons < 0.019: Included
Library: Grove

Nuclide Ci By pCi/em® By/cm®
Ag-108m 1.85E-03 B.B5EHI7 1.28E-02 4 T3EHI2
Ba-133 229802 G.47E+18 1.568E-01 5.85E+013
Ba-137m 243803 9.00EH7 1.6BE-02 6.21EH12
C-14 5.B8E-01 211E+10 3.93E+H0 1.45EH)5
Ca-41 1.04E-04 3.85EHI6 7.18E-04 2 BEEHI1
ClL3B 121802 4 4BE+H1G 8.36E-02 3.09EH13
Co-60 3O7EHLZ T4TE+IZ 2.74EH3 1.01E+H8
Cs-134 1.296-03 4 FTEHT 8.91E-03 3.30E+H12
Cs-135 b.74E-08 2 48E+H13 4 BGE-07 1.72E-02
Cs-137 257803 9.51EH7 1.78E-02 B.S7TEHZ
Eu-152 304801 112E+10 2.10E+10 TITEHM
Eu-154 3.09E-02 114E+19 2.13E-0 7 90EHI3
Eu-155 5.06E-04 1.87EHI7 349E-03 1.289E+)2
Fe-55 1.04E+12 3.85E+12 7 1BEHI 2 BEEHIT
H-3 1.23E+00 4 55E+10 B.50E+10 314EHI5
Huo-166rm 257803 951EH7 1.78E-02 B.57TEH2
1-129 9.61E-10 3.62EH01 6.67E-09 2. 43E-04
Mn-53 5.96E-05 2.21E+06 4.12E04 1.52E+01
in-54 5.39E-04 1.99E+H17 3.72E-03 1.38E+2
Mo-83 9.48E-03 351EH1E 6.55E-02 2 42EH13
Nb-92m 1.73E08 B.40E+02 1.19€E-07 442603
Mb-24 B.48E-03 2 40E+I8 4.48E-02 1.BBEH)3
Ni-59 372E+00 1.3BE+11 2.57EHI1 951EH5
Ni-63 4 21EHI2 1.86E+13 2.91E+H13 1.08E+H)8
Pb-205 2.94E-08 1.09E+H13 2.03E-07 7A1E03
Pm-145 1.48E-06 651EHA 1.03E-04 381EH0
Pu-239 8.298-04 307EHT 5.73E-03 212EH2
Se-79 1.04E-05 3.85E+H1S 7.18E-05 2 BEEHI0
Sm-151 4.54E-03 16BE+IE 3.14E-02 116E+13
Sr-90 218803 B.O7EH7 1.51E02 5.57EHZ
Tc-99 207803 7 BBEHI7 1.43E-02 5. 29E+H12
U-233 2.84E-05 1.08E+HI6 2.03E-04 751EHI0
¥-90 218803 B.O7EH7 1.51E02 5.57EHZ
Inb65 1.49E-06 551E+H4 1.03E-05 381ED
93 743807 275E+H14 5.13E-06 1.80E-01

Buildup: The material reference is Shield 3
Integration Parameters

Radial 10

Circumferential 20

¥ Direction (axial) 20

Results
Fluence Rate | Fluence Rate Exposure Rate Exposure Rate
Energy (MeV) Activity (Photons/sec) MeVicm¥sec | MeVicmisec mR/hr mR/hr
No Buildup | With Buildup No Buildup With Buildup

0.0062 T.15E+12 207E31 422822 1.02E-31 2.08E-22
0.1186 399E+09 5.26E-05 1.64E-01 B.21E-08 2.55E-04
01842 7 98E+HI7 112605 1.22E02 1.85E-08 2.12E-05
0.2439 1.06E+09 7.25E-04 341E-M 1.34E-06 B.29E-04
0.3447 376E+09 1.30E-02 2.57EHID 251E-05 4.95E-03
0.4097 4.09E+08 332803 4 1MEM 6.45E-06 8.21E-04
0.4516 4.27E+8 5.57E-03 5.54E-0 1.09e-05 1.09E-03
0.5709 1.68E+08 6.33E-03 3B1E-01 1.24E05 7.06E-04
06265 34BE+05 214802 9.90E-01 4.17ED8 1.93E-03
06368 331E+09 3.36E-01 1.23e+M 6.48E-04 2.37E-02
0.7801 165E+09 279E-01 B.09E+HI0 5.32E-04 1.64E-02
0.8671 9.01E+)8 245E01 5.80E-+10 4.B2E-04 1.09E-02
0.9193 9 EH7 321602 6.83E-01 6.00E-05 1.28E-03
09715 2.03E+09 9.15E-01 1.76E-+11 1.69E-03 3.27E-02
1.0863 1.34E+09 9.78E-01 1.55E+ 1.78E-03 2.82E-02
11732 147E+13 1.48E+14 2.08E+HI5 2 BEEHIT 3.72EH2
1.2189 1.88E+08 2.24E01 2.84E+00 3O7ED4 5.20E03
1.2622 5 98E+08 8.80E-01 1.07E+M 1.54E-03 1.86E-02
1.3325 147E+13 2 63E+H14 2.B9EHI5 4 40EH11 5.01E+H12
1.4091 239409 5. 18EHI0 5.43E+H01 8.86E-03 9.29E-02
15212 3B3EHI7 1.07E-01 1.01E+10 1.79E-04 169E03
15852 329E+H17 117E-01 1.03E+10 1.93E-04 1.70E-03
1.8473 5.46E+00 341E08 2.50E-07 5. 40E-11 3.96E-10

Totals 3.06E+13 4.03E+04 4.97E+05 7.06E+01 8.73E+02
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